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(57) ABSTRACT

A circuit includes a power management circuit configured to
receive at least a first or a second control signal, and to
supply at least a first, second or a third supply voltage. The
first control signal has a first voltage swing. The second
control signal has a second voltage swing. The power
management circuit includes a first level shifter circuit
configured to generate a first level shifted signal in response
to the first control signal, and a first header circuit coupled
to at least the first level shifter circuit, a first voltage supply
and a second voltage supply. The first header circuit is
configured to supply the first supply voltage of the first
voltage supply to the first node in response to the first control
signal, and to supply the second supply voltage of the second
voltage supply to the second node in response to the first
level shifted signal.
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1
CIRCUIT AND METHOD OF OPERATING
THE SAME

PRIORITY CLAIM

The present application is a continuation of U.S. appli-
cation Ser. No. 17/166,797, filed Feb. 3, 2021, now U.S. Pat.
No. 11,545,191, issued Jan. 3, 2023, which claims priority to
the China Patent Application No. 202011517547.0, filed
Dec. 21, 2020, which are incorporated herein by reference in
their entireties.

BACKGROUND

The semiconductor integrated circuit (IC) industry has
produced a wide variety of digital devices to address issues
in a number of different areas. Some of these digital devices,
such as level shifter circuits, are configured to enable
operation of circuits capable of operation in different voltage
domains. As ICs have become smaller and more complex,
operating voltages of these digital devices continue to
decrease affecting IC performance.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the
accompanying figures. It is noted that, in accordance with
the standard practice in the industry, various features are not
drawn to scale. In fact, the dimensions of the various
features may be arbitrarily increased or reduced for clarity of
discussion.

FIG. 1 is a block diagram of an integrated circuit, in
accordance with some embodiments.

FIG. 2 is a circuit diagram of a circuit, in accordance with
some embodiments.

FIG. 3 is a truth table of the circuit in FIG. 1 or FIG. 2,
in accordance with some embodiments.

FIGS. 4A-4E are graphs of waveforms of a circuit, in
accordance with some embodiments.

FIG. 5 is a circuit diagram of an output circuit, in
accordance with some embodiments.

FIG. 6 is a circuit diagram of a circuit, in accordance with
some embodiments.

FIGS. 7A-7B are graphs of waveforms of a circuit, in
accordance with some embodiments.

FIG. 8 is a circuit diagram of a circuit, in accordance with
some embodiments.

FIG. 9 is a truth table of the circuit in FIG. 1 or FIG. 8,
in accordance with some embodiments.

FIGS. 10A-10B are graphs of waveforms of a circuit, in
accordance with some embodiments.

FIG. 11 is a circuit diagram of a level shifter circuit, in
accordance with some embodiments.

FIG. 12 is a circuit diagram of a circuit, in accordance
with some embodiments.

FIG. 13 is a flowchart of a method of operating a circuit,
in accordance with some embodiments.

DETAILED DESCRIPTION

The following disclosure provides different embodiments,
or examples, for implementing features of the provided
subject matter. Specific examples of components, materials,
values, steps, arrangements, or the like, are described below
to simplify the present disclosure. These are, of course,
merely examples and are not limiting. Other components,
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materials, values, steps, arrangements, or the like, are con-
templated. For example, the formation of a first feature over
or on a second feature in the description that follows may
include embodiments in which the first and second features
are formed in direct contact, and may also include embodi-
ments in which additional features may be formed between
the first and second features, such that the first and second
features may not be in direct contact. In addition, the present
disclosure may repeat reference numerals and/or letters in
the various examples. This repetition is for the purpose of
simplicity and clarity and does not in itself dictate a rela-
tionship between the various embodiments and/or configu-
rations discussed.

Further, spatially relative terms, such as ‘“beneath,”
“below,” “lower,” “above,” “upper” and the like, may be
used herein for ease of description to describe one element
or feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. The spatially relative terms are
intended to encompass different orientations of the device in
use or operation in addition to the orientation depicted in the
figures. The apparatus may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein may likewise be interpreted accord-
ingly.

In accordance with some embodiments, a circuit includes
a power control circuit coupled to a first voltage supply
having a first voltage and a second voltage supply having a
second voltage. In some embodiments, the power control
circuit is configured to generate a first output control signal,
a second output control signal and a third output control
signal in response to at least a first control signal, a second
control signal or a third control signal. In some embodi-
ments, the first control signal causes the power control
circuit to enter a power management mode having a first
reduced power state and a second reduced power state.

In some embodiments, the circuit further includes a first
header circuit coupled to the power control circuit, and
configured to supply at least a first supply voltage, a second
supply voltage or a third supply voltage in response to at
least the first output control signal, the second output control
signal or the third output control signal. In some embodi-
ments, the power management mode includes the second
voltage supply being disabled or turned off. In some embodi-
ments, the power control circuit and the first header circuit
are part of a power management circuit.

In some embodiments, the circuit further includes a
memory circuit coupled to the power control circuit and the
first header circuit. In some embodiments, the memory
circuit is in the first reduced power state or the second
reduced power state in response to at least the first supply
voltage or the power control circuit entering the power
management mode. In some embodiments, the first reduced
power state corresponds to a sleep mode of the memory
circuit, and the second reduced power state corresponds to
a shut-down mode of the memory circuit.

In some embodiments, at least the first voltage or the first
control signal have a first voltage swing, and at least the
second voltage, the second control signal or the third control
signal have a second voltage swing different from the first
voltage swing allowing for the circuit to have a dual-rail
design and/or implementation.

In some embodiments, the circuit can automatically enter
the power management mode by the use of the first control
signal thereby reducing power consumption and having a
more flexible design than other approaches.

In some embodiments, the circuit can enter the power
management mode even when the power management mode

2 <
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includes the second voltage supply being disabled or turned
off, resulting in less power consumption and a more flexible
design than other approaches.

Integrated Circuit

FIG. 1 is a block diagram of an integrated circuit 100, in
accordance with some embodiments.

Integrated circuit 100 comprises a power management
circuit 102, a memory circuit 104 and an output circuit 105.

Power management circuit 102 is configured to receive
control signals PISO, SDB and SLPB, and to generate
voltages VDDAI, VDDMH and VDDH.

In some embodiments, power management circuit 102 is
coupled to a first voltage supply node N1 and a second
voltage supply node N2. In some embodiments, first voltage
supply node N1 has a first supply voltage VDDI1, and is
therefore referred to as being in a VDD voltage domain. In
some embodiments, first supply voltage VDDI1 has a first
voltage swing. In some embodiments, one or more of control
signals SDB or SLPB have the first voltage swing. In some
embodiments, voltage VDDH has the first voltage swing.

In some embodiments, second voltage supply node N2
has a second supply voltage VDDMI1, and is therefore
referred to as being in a VDDM voltage domain. In some
embodiments, second supply voltage VDDM1 has a second
voltage swing different from the first voltage swing.

In some embodiments, control signal PISO has the second
voltage swing. In some embodiments, at least voltage
VDDALI or VDDMH has the second voltage swing.

Power management circuit 102 is configured to control
the operational mode of memory circuit 104. For example,
power management circuit 102 is configured to adjust at
least voltage VDDAI, VDDMH or VDDH thereby causing
memory circuit 104 to be in a normal mode, a sleep mode
(retention state) or a shutdown mode (non-retention state).
In some embodiments, a sleep mode (retention mode) cor-
responds to the memory circuit 104 operating with a lower
amount of power than the normal mode, but the memory
circuit 104 is able to retain the data stored in a memory cell
array 104a (described below). In some embodiments, a
shutdown mode (non-retention mode) corresponds to the
memory circuit 104 being turned off and the data previously
stored in the memory cell array 104a is not retained. Other
operational modes are within the scope of the present
disclosure.

Power management circuit 102 includes a control circuit
102a coupled with a header circuit 1025.

Control circuit 1024 is configured to receive at least
control signal PISO, SDB or SLPB, and to generate at least
power management control signal SD_VDDM,
SLP_VDDM or SLP_VDD. In some embodiments, control
circuit 102a is configured to control the operational mode of
memory circuit 104. Control circuit 102q is configured to
control header circuit 1026 by power management control
signals SD_VDDM, SLP_VDDM and SLP_VDD. In some
embodiments, control circuit 102a is configured to adjust at
least voltage VDDAI, VDDMH or VDDH of header circuit
1024 responsive to corresponding power management con-
trol signal SD_VDDM, SLP_VDDM or SLP_VDD, thereby
causing memory circuit 104 to be in the normal mode, the
sleep mode (retention state) or the shutdown mode (non-
retention state).

In some embodiments, control signal SLP_VDD has the
first voltage swing. In some embodiments, at least control
signal SLP_VDDM or SD_VDDM has the second voltage
swing.
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Control circuit 102a includes a level shifter circuit 106, an
inverter 108, a NAND logic gate 110, a level shifter circuit
112, a level shifter circuit 114, a header circuit 116, a latch
122, an OR logic gate 124 and an OR logic gate 126.

Level shifter circuit 106 is configured to receive at least
control signal PISO. Level shifter circuit 106 is a level
shifter circuit configured to shift control signal PISO from
the VDDM voltage domain (that uses the second supply
voltage VDDM1) to the VDD voltage domain (that uses the
first supply voltage VDD1) thereby generating control signal
PISO1. In some embodiments, control signal PISO1 is
referred to as a first level shifted control signal. In some
embodiments, control signal PISO1 has the first voltage
swing.

Level shifter circuit 106 is coupled to header circuit 116
and OR logic gate 126. In some embodiments, level shifter
circuit 106 is coupled to a gate of PMOS transistor 118, and
is coupled to a first input terminal of OR logic gate 126. In
some embodiments, level shifter circuit 106 is coupled to the
first voltage supply node N1 and the second voltage supply
node N2 (not shown).

Inverter 108 is coupled to level shifter circuit 114. Inverter
108 is further coupled to header circuit 116 by a voltage
supply node N3. In some embodiments, inverter 108 is
coupled to a drain of PMOS transistor 118 by the voltage
supply node N3. Inverter 108 is configured to generate a
control signal SD1 in response to control signal SDB. In
some embodiments, control signal SD1 is inverted from
control signal SDB. In some embodiments, control signal
SD1 has the first voltage swing. An input terminal of inverter
108 is configured to receive control signal SDB. An output
terminal of inverter 108 is coupled to an input of level shifter
circuit 114. A voltage supply node (unlabeled) of inverter
108 is coupled to node N3. In some embodiments the
voltage supply node of inverter 108 is configured to receive
voltage VDDHD of node N3.

NAND logic gate 110 is coupled to at least level shifter
circuit 116 or the OR logic gate 126. NAND logic gate 110
is further coupled to header circuit 116 by the voltage supply
node N3. In some embodiments, NAND logic gate 110 is
coupled to the drain of PMOS transistor 118 by the voltage
supply node N3. NAND logic gate 110 is configured to
generate a NAND control signal SLP1 in response to control
signal SLPB. In some embodiments, NAND control signal
SLP1 has the first voltage swing. The NAND logic gate 110
includes an output terminal configured to output the NAND
control signal SLP1, and is coupled to an input of shifter
circuit 112 and a second input terminal of the OR logic gate
126. The NAND logic gate 124 further includes a first input
terminal configured to receive control signal SDB and a
second input terminal configured to receive control signal
SLPB.

Level shifter circuit 112 is configured to receive at least
NAND control signal SLP1. Level shifter circuit 112 is a
level shifter circuit configured to shift NAND control signal
SLP1 from the VDD voltage domain (that uses the first
supply voltage VDD1) to the VDDM voltage domain (that
uses the second supply voltage VDDM1) thereby generating
a NAND control signal SLP2. In some embodiments,
NAND control signal SLP2 is referred to as a level shifted
NAND control signal. In some embodiments, NAND con-
trol signal SLLP2 has the second voltage swing.

Level shifter circuit 112 is coupled to NAND logic gate,
header circuit 116 and OR logic gate 124. In some embodi-
ments, level shifter circuit 112 is coupled to a drain of PMOS
transistor 118 by node N3, and is coupled to a drain of
PMOS transistor 120 by node N4. In some embodiments, an
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output of level shifter circuit 112 is coupled to a second input
terminal of OR logic gate 124. In some embodiments, the
output of level shifter circuit 112 is configured to output
NAND control signal SLP2 to the second input terminal of
OR logic gate 124. In some embodiments, level shifter
circuit 112 is coupled to the first voltage supply node N1 and
the second voltage supply node N2.

Level shifter circuit 114 is configured to receive at least
control signal SD1. Level shifter circuit 114 is a level shifter
circuit configured to shift control signal SD1 from the VDD
voltage domain (that uses the first supply voltage VDD1) to
the VDDM voltage domain (that uses the second supply
voltage VDDM1) thereby generating a control signal SD2.
In some embodiments, control signal SD2 is referred to as
a second level shifted control signal. In some embodiments,
control signal SD2 has the second voltage swing.

Level shifter circuit 114 is coupled to inverter 108, header
circuit 116 and latch circuit 122. In some embodiments,
level shifter circuit 114 is coupled to the drain of PMOS
transistor 118 by node N3, and is coupled to the drain of
PMOS transistor 120 by node N4. In some embodiments, an
output of level shifter circuit 114 is coupled to a first input
terminal of latch circuit 122. In some embodiments, the
output of level shifter circuit 114 is configured to output
control signal SD2 to the first input terminal of latch circuit
122. In some embodiments, level shifter circuit 114 is
coupled to the first voltage supply node N1 and the second
voltage supply node N2.

Header circuit 116 includes PMOS transistors 118 and
120. In some embodiments, header circuit 116 is enabled or
disabled in response to control signal PISO. In some
embodiments, header circuit 116 is configured to supply first
supply voltage VDD1 to node N3 in response to being
enabled by control signal PISO, and to supply second supply
voltage VDDMI1 to node N4 in response to being enabled by
control signal PISO1. In some embodiments, if the voltage
of' node N3 is equal to the first supply voltage VDD1, and if
the voltage of node N4 is equal to the second supply voltage
VDDMLI, then at least inverter 108, NAND logic gate 110,
level shifter circuit 112 or level shifter circuit 114 are
enabled.

In some embodiments, if header circuit 116 is disabled by
control signal PISO or PISO1, then node N3 and node N4
are floating or in a high-impedance state. In some embodi-
ments, if node N3 and N4 are floating or in the high
impedance state, then at least inverter 108, NAND logic gate
110, level shifter circuit 112 or level shifter circuit 114 are
disabled.

A source terminal of PMOS transistor 118 is configured as
the first voltage supply node N1. First voltage supply node
N1 is configured to receive the first supply voltage VDD1
from the first voltage supply. A gate terminal of PMOS
transistor 118 is configured to receive control signal PISO1
from level shifter circuit 106. A drain terminal of PMOS
transistor 118 is coupled to level shifter circuit 112, level
shifter circuit 114, inverter 108 and NAND logic gate 110 by
node N3. In some embodiments, PMOS transistor 118 is
configured to set the voltage VDDHD of node N3 in
response to control signal PISO1.

In some embodiments, PMOS transistor 118 is configured
to supply first supply voltage VDD1 to node N3 in response
to being enabled by control signal PISO1. In some embodi-
ments, if PMOS transistor 118 is disabled by control signal
PISO1, then node N3 is floating or in the high-impedance
state.

A source terminal of PMOS transistor 120 is configured as
the second voltage supply node N2. Second voltage supply
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node N2 is configured to receive the second supply voltage
VDDMI1 from the second voltage supply. A gate terminal of
PMOS transistor 120 is configured to receive control PISO.
A drain terminal of PMOS transistor 120 is coupled to level
shifter circuit 112 and level shifter circuit 114 by node N4.
In some embodiments, PMOS transistor 120 is configured to
set the voltage VDDMHD of node N4 in response to control
signal PISOL1.

In some embodiments, PMOS transistor 120 is configured
to supply the second supply voltage VDDMI1 to node N4 in
response to being enabled by control signal PISO. In some
embodiments, if PMOS transistor 120 is disabled by control
signal PISO, then node N4 is floating or in the high-
impedance state.

Other transistor types or numbers of transistors are in the
scope of the present disclosure for header circuit 116. For
example, in some embodiments, header circuit 116 includes
at least one N-type Metal Oxide Semiconductor (NMOS)
transistor.

Latch circuit 122 is configured to receive control signal
SD2 and control signal PISO. Latch circuit 122 is configured
to generate control signal SD_VDDM. In some embodi-
ments, latch circuit 122 is configured to latch a state of
control signal SD2 in response to control signal PISO. In
some embodiments, latch circuit 122 is configured to latch
a previous state of control signal SD2 in response to control
signal PISO. In some embodiments, control signal
SD_VDDM is a latched state of control signal SD2 in
response to a rising edge of control signal PISO. In some
embodiments, control signal SD_VDDM is a latched state of
control signal SD2 in response to a falling edge of control
signal PISO.

A first input terminal of latch circuit 122 is coupled to the
output of level shifter circuit 114, and is configured to
receive control signal SD2. A second input terminal of latch
circuit 122 is configured to receive control signal PISO. In
some embodiments, the second input terminal of latch
circuit 122 is a clock input terminal of the latch circuit 122.
An output terminal of latch circuit 122 is coupled to a gate
of PMOS transistor 130 of header circuit 1025, and is
configured to output control signal SD_VDDM.

In some embodiments, latch circuit 122 corresponds to a
positive or a negative level triggered device. In some
embodiments, latch circuit 122 corresponds to a positive or
a negative level triggered flip-flop. In some embodiments,
latch circuit 122 corresponds to an SR-flip-flop. In some
embodiments, latch circuit 122 includes a DQ flip-flop, a T
flip-flop, a JK flip-flop, or the like.

OR logic gate 124 is coupled to at least level shifter circuit
112 or a gate of PMOS transistor 132 of header circuit 1025.
OR logic gate 124 is configured to generate control signal
SLP_VDDM in response to control signals PISO and SLP2.
OR logic gate 124 includes a first input terminal configured
to receive control signal PISO and a second input terminal
configured to receive control signal SL.P2. The second input
terminal of OR logic gate 124 is coupled to the output of
level shifter circuit 112. OR logic gate 124 further includes
an output terminal coupled to the gate of PMOS transistor
132 of header circuit 1025. The output terminal of OR logic
gate 124 is configured to output the control signal
SLP_VDDM to the gate of PMOS transistor 132 of header
circuit 1024.

OR logic gate 126 is coupled to at least level shifter circuit
106, an output of NAND logic gate 110, or a gate of PMOS
transistor 134 of header circuit 10256. OR logic gate 126 is
configured to generate control signal SLP_VDD in response
to control signals PISO1 and SLP1. OR logic gate 126
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includes a first input terminal configured to receive control
signal PISO1 from level shifter circuit 106, and a second
input terminal configured to receive control signal SLP1
from NAND logic gate 110. The first input terminal of OR
logic gate 126 is coupled to the output of level shifter circuit
106. The second input terminal of OR logic gate 126 is
coupled to the output of NAND logic gate 110. OR logic
gate 126 further includes an output terminal coupled to the
gate of PMOS transistor 134 of header circuit 1026. The
output terminal of OR logic gate 126 is configured to output
the control signal SLP_VDD to the gate of PMOS transistor
134 of header circuit 1025.

Header circuit 1025 includes P-type Metal Oxide Semi-
conductor (PMOS) transistors 130, 132 and 134.

In some embodiments, header circuit 1025 is enabled or
disabled in response to at least control signal SD_VDDM,
SLP_VDDM or SLP_VDD. In some embodiments, header
circuit 1026 is configured to supply voltages VDDAI,
VDDMH and VDDH to corresponding memory cell array
104a, peripheral circuit 1045 and peripheral circuit 104¢ in
response to corresponding control signals SD_VDDM,
SLP_VDDM and SLP_VDD. In some embodiments, volt-
age VDDH is in the VDD voltage domain. In some embodi-
ments, at least voltage VDDALI or voltage VDDMH is in the
VDDM voltage domain.

In some embodiments, if header circuit 1025 is enabled by
control signal SD_VDDM, then header circuit 10256 is
configured to supply second supply voltage VDDMI1 as
voltage VDDAI to memory cell array 104a, and memory
cell array 104aq is in an ON state. In some embodiments, if
header circuit 1026 is disabled by control signal
SD_VDDM, then memory cell array 104a is in an OFF state.

In some embodiments, if header circuit 1025 is enabled by
control signal SLP_VDDM, then header circuit 1025 is
configured to supply second supply voltage VDDMI1 as
voltage VDDMH to peripheral circuit 1045, and peripheral
circuit 1045 is in an ON state. In some embodiments, if
header circuit 1026 is disabled by control signal
SLP_VDDM, then peripheral circuit 1045 is in an OFF state.

In some embodiments, if header circuit 1025 is enabled by
control signal SLP_VDD, then header circuit 1025 is con-
figured to supply first supply voltage VDD1 as voltage
VDDH to peripheral circuit 104¢, and peripheral circuit
104c¢ is in an ON state. In some embodiments, if header
circuit 1025 is disabled by control signal SLP_VDD, then
peripheral circuit 104c¢ is in an OFF state.

Other transistor types or numbers of transistors are in the
scope of the present disclosure for header circuit 1025. For
example, in some embodiments, header circuit 1025
includes at least one NMOS transistor.

A source terminal of PMOS transistor 130 is configured as
voltage supply node N5. Voltage supply node N5 is config-
ured to receive the second supply voltage VDDM]1 from the
second voltage supply. A gate terminal of PMOS transistor
130 is configured to receive control signal SD_VDDM from
latch circuit 122. A drain terminal of PMOS transistor 130
is coupled to memory cell array 104a. In some embodi-
ments, PMOS transistor 130 is configured to set the voltage
VDDALI in response to control signal SD_VDDM.

A source terminal of PMOS transistor 132 is configured as
voltage supply node N6. Voltage supply node N6 is config-
ured to receive the second supply voltage VDDM]1 from the
second voltage supply. A gate terminal of PMOS transistor
132 is configured to receive control signal SLP_VDDM
from OR logic gate 124. A drain terminal of PMOS tran-
sistor 132 is coupled to peripheral circuit 1045. In some
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embodiments, PMOS transistor 132 is configured to set the
voltage VDDMH in response to control signal SLP_VDDM.

A source terminal of PMOS transistor 134 is configured as
voltage supply node N7. Voltage supply node N7 is config-
ured to receive the first supply voltage VDD1 from the first
voltage supply. A gate terminal of PMOS transistor 134 is
configured to receive control signal SLP_VDD from OR
logic gate 126. A drain terminal of PMOS transistor 134 is
coupled to peripheral circuit 104¢. In some embodiments,
PMOS transistor 134 is configured to set the voltage VDDH
in response to control signal SLP_VDD.

Other transistor types or numbers of transistors are in the
scope of the present disclosure for header circuit 1025. For
example, in some embodiments, header circuit 1025
includes at least one NMOS transistor.

Memory circuit 104 is coupled to power management
circuit 102 and output circuit 105. Memory circuit 104 is
configured to receive supply voltages VDDAIL VDDMH and
VDDH from header circuit 1025. In some embodiments,
memory circuit 104 is configured to store data Doutb. In
some embodiments, memory circuit 104 is configured to
output the stored data Doutb to output circuit 105.

Memory circuit 104 includes a memory cell array 104a,
a peripheral circuit 1045 and a peripheral circuit 104¢. In the
embodiment of FIG. 1, memory circuit 104 is a static
random access memory (SRAM) circuit. SRAM is used for
illustration, and other types of memories are within the
scope of various embodiments. In some embodiments,
memory circuit 104 is a dynamic random access memory
(DRAM) circuit, other forms of volatile RAM memory, or
the like. In some embodiments, memory circuit 104 is a
resistive random access memory (RRAM) circuit, a ferro-
electric RAM (F-RAM), a Magnetoresistive RAM
(MRAM), Phase-change memory (PCM), other forms of
non-volatile RAM memory, or the like.

Memory cell array 104a and peripheral circuit 1045 are
each configured to operate in the VDDM voltage domain.
Peripheral circuit 104¢ is configured to operate in the VDD
voltage domain.

Memory cell array 104aq is configured to store data Doutb.
At least one of memory cells in memory cell array 1044 is
configured to store a logic “1” or a logic “0”. At least one of
the memory cells in memory cell array 1044 are coupled to
the supply voltage node N5 by PMOS transistor 130. At least
one of the memory cells in memory cell array 104a are
configured to receive voltage VDDAI. In some embodi-
ments, voltage VDDAI corresponds to second supply volt-
age VDDMI.

In some embodiments, memory cell array 104a includes
one or more 4 transistor (4T) SRAM cells, 5 transistor (5T)
SRAM cells, 6 transistor (6T) SRAM cells, 8 transistor (8T)
SRAM cells, or the like. In some embodiments, memory cell
array 104a includes one or more single port (SP) SRAM
cells. In some embodiments, memory cell array 104a
includes one or more dual port (DP) SRAM cells. Different
types of memory cells in memory cell array 104a are within
the contemplated scope of the present disclosure. In some
embodiments, memory cell array 104a is a DRAM cell
array, other forms of volatile RAM memory cell arrays, or
the like. In some embodiments, memory cell array 104a is
an RRAM memory cell array, an F-RAM memory cell array,
an MRAM memory cell array, a PCM memory cell array,
other forms of non-volatile RAM memory cell arrays, or the
like.

Peripheral circuit 1045 is coupled to and configured to
control memory cell array 104a. Peripheral circuit 1045 is
configured to operate in the VDDM voltage domain. At least
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one of the circuits in peripheral circuit 1045 is coupled to the
supply voltage node N6 by PMOS transistor 132. At least
one of the circuits in peripheral circuit 1045 is configured to
receive voltage VDDMH. In some embodiments, voltage
VDDMH corresponds to second supply voltage VDDMI1.

In some embodiments, peripheral circuit 1045 includes
one or more of row decoders, column decoders, read bit line
pre-charge logic, sense amplifiers, timing and control cir-
cuits, or the like configured to operate in the VDDM voltage
domain. Different types of circuits in peripheral circuit 1045
are within the contemplated scope of the present disclosure.

Peripheral circuit 104¢ is coupled to and configured to
control memory cell array 104a. Peripheral circuit 104c¢ is
configured to operate in the VDD voltage domain. At least
one of the circuits in peripheral circuit 104¢ is coupled to the
supply voltage node N7 by PMOS transistor 134. At least
one of the circuits in peripheral circuit 104¢ is configured to
receive voltage VDDH. In some embodiments, voltage
VDDH corresponds to first supply voltage VDDI1.

In some embodiments, peripheral circuit 104¢ includes
one or more of row decoders, column decoders, read bit line
pre-charge logic, sense amplifiers, timing and control cir-
cuits, or the like configured to operate in the VDD voltage
domain. Different types of circuits in peripheral circuit 104¢
are within the contemplated scope of the present disclosure.

Output circuit 105 is coupled to memory cell array 104a.
Output circuit 105 is configured to receive the stored data
Doutb from memory cell array 104q, and is configured to
generate a clamped output data signal Qvdd. In some
embodiments, the clamped output data signal Qvdd corre-
sponds to the store datad Doutb. In some embodiments,
output circuit 105 includes a buffer circuit 502 (FIG. 5)
configured to buffer the store data Doutb. In some embodi-
ments, the stored data Doutb is in the VDDM voltage
domain, and the clamped output data signal Qvdd is in the
VDD voltage domain.

FIG. 2 is a circuit diagram of a circuit 200, in accordance
with some embodiments.

Circuit 200 is an embodiment of control circuit 102a of
FIG. 1.

Components that are the same or similar to those in one
or more of FIGS. 2, 5-6, 8, 11 and 12 (shown below) are
given the same reference numbers, and detailed description
thereof is thus omitted.

Circuit 200 includes a level shifter circuit 206, inverter
108, NAND logic gate 110, level shifter circuit 112, level
shifter circuit 114, header circuit 116, latch 122, a NOR logic
gate 224a, an inverter 2245, a NOR logic gate 2264, an
inverter 2265, an inverter 240, an inverter 242, an inverter
244 and an inverter 246.

In comparison with control circuit 102a of FIG. 1, level
shifter circuit 206 replaces level shifter circuit 106, NOR
logic gate 224a and inverter 2245 of circuit 200 replace OR
logic gate 124, and NOR logic gate 2264 and inverter 2265
of circuit 200 replace OR logic gate 126, and similar detailed
description is therefore omitted.

In comparison with control circuit 1024 of FIG. 1, circuit
200 further includes inverter 240, inverter 242, inverter 244
and inverter 246.

NOR logic gate 224a is coupled to at least level shifter
circuit 112. NOR logic gate 2244 is configured to generate
control signal SLP_VDDMB in response to control signals
PISO and SLP2. In some embodiments, control signal
SLP_VDDMB has the second voltage swing. NOR logic
gate 224q includes a first input terminal configured to
receive control signal PISO and a second input terminal
configured to receive control signal SL.P2. The second input
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terminal of NOR logic gate 224q is coupled to the output of
level shifter circuit 112. NOR logic gate 224a further
includes an output terminal coupled to an input terminal of
inverter 224b. The output terminal of NOR logic gate 224a
is configured to output the control signal SLP_VDDMB to
the input terminal of inverter 224b. A voltage supply node
(unlabeled) of NOR logic gate 224a is configured to receive
second supply voltage VDDMI.

Inverter 2245 is coupled to NOR logic gate 224a. Inverter
224b is configured to generate control signal SLP_VDDM in
response to control signal SLP_VDDMB. In some embodi-
ments, control signal SLP_VDDM is inverted from control
signal SLP_VDDMB. An input terminal of inverter 2245 is
coupled to the output terminal of NOR logic gate 2244, and
configured to receive control signal SLP_VDDMB. An
output terminal of inverter 2245 is configured to output
control signal SLP_VDDM. A voltage supply node (unla-
beled) of inverter 2245 is configured to receive second
supply voltage VDDMI. In some embodiments, NOR logic
gate 224 and inverter 224b have the same function of OR
logic gate 124 of FIG. 1.

NOR logic gate 226a is coupled to at least inverter 242,
an output of NAND logic gate 110, or an input terminal of
inverter 2265. NOR logic gate 2264 is configured to gen-
erate control signal SLP_VDDB in response to control
signals PISO1 and SLP1. In some embodiments, control
signal SLP_VDDB has the first voltage swing. NOR logic
gate 226a includes a first input terminal configured to
receive control signal PISO1 from inverter 242, and a
second input terminal configured to receive control signal
SLP1 from NAND logic gate 110. The first input terminal of
NOR logic gate 226a is coupled to the output terminal of
inverter 242. The second input terminal of NOR logic gate
2264 is coupled to the output of NAND logic gate 110. NOR
logic gate 226a further includes an output terminal coupled
to the input terminal of inverter 2265. The output terminal of
NOR logic gate 226a is configured to output the control
signal SLP_VDDB to the input terminal of inverter 2265. A
voltage supply node (unlabeled) of NOR logic gate 226aq is
configured to receive first supply voltage VDD1.

Inverter 2265 is coupled to NOR logic gate 226a. Inverter
2266 is configured to generate control signal SLP_VDD in
response to control signal SLP_VDDB. In some embodi-
ments, control signal SLP_VDD is inverted from control
signal SLP_VDDB. An input terminal of inverter 2265 is
coupled to the output terminal of NOR logic gate 2264, and
configured to receive control signal SLP_VDDB. An output
terminal of inverter 2265 is configured to output control
signal SLP_VDD. A voltage supply node (unlabeled) of
inverter 2265 is configured to receive first supply voltage
VDDI1. In some embodiments, NOR logic gate 226a and
inverter 2265 have the same function of OR logic gate 126
of FIG. 1.

Inverter 240 is coupled to the input of level shifter circuit
206. Inverter 240 is configured to generate a control signal
PISOB in response to control signal PISO. In some embodi-
ments, control signal PISOB is inverted from control signal
PISO. In some embodiments, control signal PISOB has the
second voltage swing. An input terminal of inverter 240 is
configured to receive control signal PISO. An output termi-
nal of inverter 240 is coupled to an input of level shifter
circuit 206, and configured to output control signal PISOB.
A voltage supply node (unlabeled) of inverter 240 is con-
figured to receive second supply voltage VDDMI.

Level shifter circuit 206 is a variation of level shifter
circuit 106 of FIG. 1, and similar detailed description is
omitted. In comparison with level shifter circuit 106 of FIG.
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1, an input of level shifter circuit 206 is coupled to an output
terminal of inverter 240 and configured to receive signal
PISOB, and an output of level shifter circuit 206 is coupled
to an input terminal of inverter 242, and configured to output
signal PISOBI1.

Level shifter circuit 206 is configured to shift control
signal PISOB from the VDDM voltage domain (that uses
second supply voltage VDDM1) to the VDD voltage domain
(that uses first supply voltage VDD1) thereby generating
control signal PISOB1. In some embodiments, control sig-
nal PISOBI1 has the first voltage swing, and control signal
PISOB has the second voltage swing.

Inverter 242 is coupled to the output of level shifter circuit
206. Inverter 242 is configured to generate control signal
PISO1 in response to control signal PISOB1. In some
embodiments, control signal PISO1 is inverted from control
signal PISOB1. In some embodiments, control signal
PISOB1 has the first voltage swing. An input terminal of
inverter 242 is coupled to an output of level shifter circuit
206, and configured to receive control signal PISOB1. An
output terminal of inverter 242 is configured to output
control signal PISO1. An output terminal of inverter 242 is
coupled to the gate of PMOS transistor 118 and a first input
terminal of NOR logic gate 226a. A voltage supply node
(unlabeled) of inverter 242 is configured to receive second
supply voltage VDDMI1.

Inverter 244 is coupled between latch circuit 122 and
inverter 246. Inverter 244 is configured to generate inverted
control signal SD_VDDMIB in response to control signal
SD_VDDM1. In some embodiments, control signal
SD_VDDMI1B is inverted from control signal SD_VDDMI.
In some embodiments, at least control signal SD_VDDM1B
or SD_VDDMI1 has the second voltage swing. An input
terminal of inverter 244 is coupled to an output of latch
circuit 122, and configured to receive control signal
SD_VDDMI1. An output terminal of inverter 244 is config-
ured to output control signal SD_VDDMIB. An output
terminal of inverter 244 is coupled to an input terminal of
inverter 246. A voltage supply node (unlabeled) of inverter
244 is configured to receive second supply voltage VDDM1.

Inverter 246 is coupled to inverter 244. Inverter 246 is
configured to generate control signal SD_VDDM in
response to control signal SD_VDDMI1B. In some embodi-
ments, control signal SD_VDDM is inverted from control
signal SD_VDDMI1B. In some embodiments, control signal
SD_VDDM is a delayed version of control signal
SD_VDDMI1. An input terminal of inverter 246 is coupled
to the output terminal of inverter 244, and configured to
receive control signal SD_VDDMI1B. An output terminal of
inverter 246 is configured to output control signal
SD_VDDM. A voltage supply node (unlabeled) of inverter
246 is configured to receive second supply voltage VDDM1.

Truth Table

FIG. 3 is a truth table 300 of the circuit 100 in FIG. 1 or
circuit 200 in FIG. 2, in accordance with some embodi-
ments. The values and format of table 300 are provided as
an example, and other values and/or formats for Table 300
are within the scope of the present disclosure.

As shown in row 1 of truth table 300 of FIG. 3, if control
signal PISO is a logical 0, control signal SDB is a logical 1
and control signal SLPB is a logical 1, then power manage-
ment circuit 102 or circuit 200 cause control signals
SLP_VDD, SLP_VDDM and SD_VDDM to each be a
logical 0 thereby causing memory circuit 104 to be in a
normal mode.
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As shown in row 2 of truth table 300 of FIG. 3, if control
signal PISO is a logical 0, control signal SDB is a logical 1
and control signal SLPB is a logical 0, then power manage-
ment circuit 102 or circuit 200 cause control signals
SLP_VDD and SLP_VDDM to each be a logical 1, and
control signal SD_VDDM to be a logical 0 thereby causing
memory circuit 104 to be in a sleep mode (retention mode).

As shown in row 3 of truth table 300 of FIG. 3, if control
signal PISO is a logical 0 and control signal SDB is a logical
0, then power management circuit 102 or circuit 200 cause
each of control signals SLP_VDD, SLP_VDDM and
SD_VDDM to be a logical 1 thereby causing memory circuit
104 to be in a shut-down mode (non-retention mode). In
some embodiments, for at least row 3 of truth table 300, the
value of control signal SLPB is a don’t care condition and
is shown as a “-” in FIG. 3.

As shown in rows 4 and 5 of truth table 300 of FIG. 3,
when control signal PISO is a logical 1 causes memory
circuit 104 to automatically be in either the sleep mode
(retention mode) or the shutdown mode (non-retention
mode) thereby reducing the power consumption of at least
circuit 100 or 200.

As shown in row 4 of truth table 300 of FIG. 3, if control
signal PISO is a logical 1 and control signal SDB is a logical
1, then power management circuit 102 or circuit 200 cause
control signals SLP_VDD and SLP_VDDM to each be a
logical 1, and control signal SD_VDDM to be a logical 0
thereby causing memory circuit 104 to be in the sleep mode
(retention mode). In some embodiments, for at least row 4
of truth table 300, the value of control signal SL.PB is a don’t
care condition. In some embodiments, for at least row 4 of
truth table 300, control signal SDB is in a floating or high
impedance state (Z*) after signal SD2 is latched by latch
circuit 122 and the first supply voltage VDD1 is turned off
by a control circuit 1200 (FIG. 12) thereby causing at least
level shifter circuit 114 or 116 in FIGS. 1-2 to be disabled.

As shown in row 5 of truth table 300 of FIG. 3, if control
signal PISO is a logical 1, and control signal SDB is a logical
0, then power management circuit 102 or circuit 200 cause
each of control signals SLP_VDD, SLP_VDDM and
SD_VDDM to be a logical 1 thereby causing memory circuit
104 to be in the shut-down mode (non-retention mode). In
some embodiments, for at least row 5 of truth table 300, the
value of control signal SL.PB is a don’t care condition. In
some embodiments, for at least row 5 of truth table 300,
control signal SDB is in a floating or high impedance state
(Z*) after signal SD2 is latched by latch circuit 122 and the
first supply voltage VDDI1 is turned off by a control circuit
1200 (FIG. 12) thereby causing at least level shifter circuit
114 or 116 in FIGS. 1-2 to be disabled.

Waveforms

FIGS. 4A-4E are graphs of waveforms 400A-400F of a
circuit, in accordance with some embodiments. In some
embodiments, waveforms 400A-400E correspond to the
waveforms of circuit 100 of FIG. 1 or circuit 200 of FIG. 2.

Waveform 400A includes curves 410, 412, 414 and 416 of
signals in circuit 100 or 200 for the shut-down mode
(non-retention). Waveform 400B includes curves 410, 412,
414' and 416 of signals in circuit 100 or 200 for the
shut-down mode (non-retention). Waveform 400C includes
curves 420, 422, 424 and 426 of signals in circuit 100 or 200
for the shut-down mode (non-retention). Waveform 400D
includes curves 430, 432, 434, 436 of signals in circuit 100
or 200 for the sleep mode (retention). Waveform 400E
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includes curves 440, 442, 444 and 446 of signals in circuit
100 or 200 for the sleep mode (retention).

In some embodiments, at least curve 410, 420, 430 or 440
represents first supply voltage VDD1 of FIGS. 1 & 2; at least
curve 412, 422, 432 or 442 represents control signal PISO of
FIGS. 1-2; at least curve 414, 414', 424, 434 or 444
represents control signal SDB of FIGS. 1-2; and at least
curve 416, 426, 436, 446 represents control signal SLPB of
FIGS. 1-2.

Waveform 400A includes curves 410, 412, 414 and 416 of
signals in circuit 100 or 200 for the shut-down mode
(non-retention). In some embodiments, waveform 400A
shows a transition from the normal mode (e.g., row 1 in
Table 300) to the shut-down mode (e.g., row 5 in Table 300).

Attime T1, curve 410 is a logical 1, curve 412 is a logical
0, curve 414 is a logical 1, curve 416 is a logical 1, and
memory circuit 104 is in the normal mode (e.g., row 1 in
Table 300 of FIG. 3). At time T1, curve 414 begins transi-
tioning from a logical 1 to a logical 0. For example, in some
embodiments, curves 410, 412, 414 and 416 at time T1
corresponds to row 1 of the entries shown in Table 300.

At time T2, curve 414 finishes transitioning to a logical 0
which causes control signal SLP_VDD and SLP_VDDM to
transition from a logical 0 to a logical 1 thereby causing
circuit 100 or 200 to enter the shut-down mode (e.g., row 3
of Table 300).

At time T3, curve 412 begins transitioning from a logical
0 to a logical 1, thereby causing power management circuit
100 to enter the power management mode which causes
memory circuit 104 to enter the shut-down mode.

At time T4, curve 412 is half-way between a logical 0 and
alogical 1. The change in curve 412 from logical 0 to logical
1, causes the latch circuit 122 to latch the previous state of
curve 414 (e.g., control signal SDB) which is a logical 0. In
some embodiments, the previous state of curve 414 (e.g.,
control signal SDB) is the value of curve 414 at time T2.
However, latch circuit 122 satisfies both a setup time Ts and
a hold time Th for proper latching of stable, state informa-
tion.

A difference between time T4 and T2 is the setup time Ts
of latch circuit 122. In some embodiments, the setup time Ts
corresponds to the minimum time interval for which the
input signal (e.g., control signal SD2) of latch circuit 122 is
stable (e.g., unchanging) prior to the sampling event of the
clock signal (e.g., control signal PISO) for the input signal
(e.g., control signal SD2) to be correctly recognized by latch
circuit 122. For example, in some embodiments, if curve 414
changes within the setup time Ts of latch circuit 122, then
latch circuit 122 may not latch the proper state of curve 414.
As shown in FIG. 4A, since the transition of curve 414 from
a logical 1 to a logical 0 occurs at time T2 which is before
the setup time Ts, the previous state of curve 414 (e.g.,
control signal SDB) is a logical 0, and is properly latched by
latch circuit 122. However, if the control signal SD (shown
in FIG. 4B as curve 414') changes state between time T2 and
T4, then the latch circuit 122 may latch the state prior to the
transition.

At time T5, curve 412 is a logical 1 which causes power
management circuit 100 to be in the power management
mode thereby causing memory circuit 104 to be in the
shut-down (non-retention) mode (e.g., row 5 of Table 300).

A difference between time T4 and TS5 is the hold time Th
of latch circuit 122. In some embodiments, hold time Th is
the minimum time interval for which the input signal (e.g.,
control signal SD2) of latch circuit 122 is stable (e.g.,
unchanging) following the sampling event of the clock
signal (e.g., control signal PISO) for the (e.g., control signal
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SD2) to be correctly recognized by latch circuit 122. For
example, in some embodiments, if curve 414 changes within
the hold time Th of latch circuit 122, then latch circuit 122
may not latch the proper state of curve 414.

Between time T5-T6, memory circuit 104 is in the shut-
down mode (non-retention) (e.g., row 5 of Table 300).

At time T7, curve 412 begins transitioning from a logical
1 to a logical 0, thereby causing power management circuit
100 to leave the power management mode.

After time T7, curve 412 is a logical 0, and power
management circuit 100 leaves the power management
mode, and returns to the normal mode.

FIG. 4B is a graph of waveform 400B of a circuit, in
accordance with some embodiments.

Waveform 400B includes curves 410, 412, 414' and 416
of signals in circuit 100 or 200 for the shut-down mode
(non-retention). Waveform 400B is a variation of waveform
400A, and similar detailed description is therefore omitted.
In comparison with waveform 400A, curve 414' of FIG. 4B
replaces curve 414, and similar detailed description is there-
fore omitted.

Waveform 400B shows when curve 414' (e.g., control
signal SDB) changes states between time T2 and T4 (within
the setup time Ts), and therefore latch circuit 122 latches the
state of curve 414' prior to the transition at time T2 (e.g.,
logical 0).

In some embodiments, curve 414" of waveform 4008
shows a transition from the shut-down mode (e.g., row 3 in
Table 300) to the shut-down mode (e.g., row 5 in Table 300).

At time T1, curve 414' begins transitioning from a logical
0 to a logical 1.

After time T2 and before time T3, curve 414' finishes
transitioning to a logical 1.

At time T3, curve 412 begins transitioning from a logical
0 to a logical 1, thereby causing power management circuit
100 to enter the power management mode which causes
memory circuit 104 to enter the shut-down mode.

At time T4, curve 412 is half-way between a logical 0 and
alogical 1. The change in curve 412 from logical 0 to logical
1, causes the latch circuit 122 to latch the previous state of
curve 414' (e.g., control signal SDB) which is a logical 0.
Since curve 414' (e.g., control signal SDB) changes states
between time T2 and T4 (within the setup time Ts), latch
circuit 122 therefore latches the state of curve 414' prior to
the transition at time T2 (e.g., logical 0) in order to satisfy
the setup time Ts for proper latching of a stable state.

At time T5, curve 412 is a logical 1 which causes power
management circuit 100 to be in the power management
mode thereby causing memory circuit 104 to be in the
shut-down (non-retention) mode (e.g., row 5 of Table 300).

After time T5 for FIG. 4B is similar to FIG. 4A, and
similar detailed description is therefore omitted for brevity.

FIG. 4C is a graph of waveform 400C of a circuit, in
accordance with some embodiments. Waveform 400C is an
example of power management circuit 100 being in the
power management mode, and memory circuit 104 being in
the shut-down mode (non-retention state). Waveform 400C
includes curves 420, 422, 424 and 426 of signals in circuit
100 or 200 for the shut-down mode (non-retention). In some
embodiments, waveform 400C shows a transition from the
sleep mode (e.g., row 2 in Table 300) to the shut-down mode
(e.g., row 3 in Table 300).

At time T1, curve 422 is a logical 0 and power manage-
ment circuit 100 is not in power management mode. At time
T1, curve 424 transitions from a logical 1 to a logical 0
which causes control signal SD_VDDM to transition from a
logical 0 (e.g., row 2 in Table 300) to a logical 1 (e.g., row
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3 in Table 300) thereby causing memory circuit 104 to enter
the shutdown mode (non-retention). For example, in some
embodiments, this transition of curve 424 corresponds to a
transition from row 3 to row 4 of the entries shown in Table
300 for latch circuit 122 being a positive level-sensitive
latch.

At time T2, curve 424 is a logical 0, which causes control
signal SD_VDDM to transition from a logical 0 to a logical
1 thereby causing circuit 100 or 200 to enter the shut-down
mode (e.g., row 3 of Table 300).

Between time T3-T4, memory circuit 104 is in the shut-
down mode (non-retention).

At time T5, curve 422 is a logical 0 and curve 424
transitions from a logical 0 to a logical 1 which causes
control signal SD_VDDM to transition from a logical 1 to a
logical O thereby causing memory circuit 104 to enter the
sleep mode (retention). For example, in some embodiments,
this transition of curve 424 corresponds to a transition from
row 3 to row 2 of the entries shown in Table 300.

After time T5, curve 424 is a logical 1.

FIG. 4D is a graph of waveform 400D of a circuit, in
accordance with some embodiments. Waveform 400D is an
example of power management circuit 100 entering the
power management mode, and memory circuit 104 entering
the sleep mode (retention state). Waveform 400D includes
curves 430, 432, 434, 436 of signals in circuit 100 or 200 for
the shut-down mode (non-retention). In some embodiments,
waveform 400D shows a transition from the normal mode
(e.g., row 1 in Table 300) to the sleep mode (e.g., row 4 in
Table 300).

The timing labels of waveform 400D is similar to the
timing labels of waveform 400A, and similar detailed
description is therefore omitted for brevity.

At times T1-T2 and, curve 430 is a logical 1, curve 432
is a logical 0, curve 434 is a logical 1, curve 436 is a logical
1, and memory circuit 104 is in the normal mode (e.g., row
1 in Table 300 of FIG. 3).

At time T3, curve 432 begins transitioning from a logical
0 to a logical 1, thereby causing power management circuit
100 to enter the power management mode which causes
control signals SLP_VDD and SLP_VDDM to transition
from a logical O to a logical 1 thereby causing memory
circuit 104 to enter the sleep mode.

At time T4, curve 432 is half-way between a logical 0 and
alogical 1. The change in curve 432 from logical 0 to logical
1, causes the latch circuit 122 to latch the previous state of
curve 434 (e.g., control signal SDB) which is a logical 1.

At time T5, curve 432 is a logical 1 which causes power
management circuit 100 to be in the power management
mode thereby causing memory circuit 104 to be in the sleep
(retention) mode (e.g., row 4 of Table 300).

Between time T5-T6, memory circuit 104 is in the sleep
mode (retention) (e.g., row 4 of Table 300).

At time T7, curve 432 begins transitioning from a logical
1 to a logical 0, thereby causing power management circuit
100 to leave the power management mode.

After time T7, curve 432 is a logical 0, and power
management circuit 100 leaves the power management
mode, and returns to the normal mode (e.g., row 1 of Table
300).

FIG. 4E is a graph of waveform 400E of a circuit, in
accordance with some embodiments. Waveform 400E is an
example of power management circuit 100 being in the
power management mode, and memory circuit 104 being in
the sleep mode (retention state). Waveform 400E includes
curves 440, 442, 444 and 446 of signals in circuit 100 or 200
for the sleep mode (retention). For example, in some
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embodiments, FIG. 4E shows an example where memory
circuit 104 is in the sleep mode (retention state) or row 4 of
Table 300 despite the transition of curve 446.

At time T1, curve 442 is a logical 1 and power manage-
ment circuit 100 is in power management mode. At time T1,
curve 444 is a logical 1, and therefore memory circuit 104
is in sleep mode (retention). At time T1, curve 446 transi-
tions from a logical 1 to a logical 0. For example, in some
embodiments, time T1 of curves 442, 444 and 446 corre-
sponds to row 4 of the entries shown in Table 300.

At time T2, curve 446 is a logical 0, but since curves 442
and 444 are a logical 1, the transition of curve 446 to a
logical 0 does not affect the output of NOR gates 224a and
226a, and thus control signals SLP_VDD and SLP_VDDM
are a logical 1, and control signal SD_VDDM is a logical 1.

Between time T3-T4, memory circuit 104 is in the sleep
mode (retention).

At time T5, curves 442 and 444 are a logical 1, and curve
446 transitions from a logical 0 to a logical 1.

After time T5, curve 446 is a logical 1.

Output Circuit

FIG. 5 is a circuit diagram of an output circuit 500, in
accordance with some embodiments.

Output circuit 500 is an embodiment of output circuit 105
of FIG. 1.

Output circuit 500 is configured to clamp a signal Qvdd
(in the VDD domain) by the use of control signal
SLP_VDDM (in the VDDM domain). In some embodi-
ments, the supply voltage VDD is turned off, thus a signal
in the VDD domain cannot be used to clamp signal Qvdd,
and a signal in the VDDM domain is used to clamp signal
Qvdd. Other configurations exist such that other signals in
the VDDM domain are capable of clamping signal Qvdd.

Output circuit 500 includes a buffer circuit 502, a NOR
logic gate 504, a level shifter circuit 506, an inverter 508 and
an NMOS transistor 510.

Buffer circuit 502 is coupled to NOR logic gate 504.
Buffer circuit 502 is configured to receive data signal Doutb.
Buffer circuit 502 is configured to output data signal Dout.
Buffer circuit 502 is configured to buffer data signal Doutb
thereby generating data signal Dout. In some embodiments,
data signal Dout is a buffered version of data signal Doutb.
In some embodiments, buffer circuit 502 is a complementary
MOS (CMOS) buffer circuit.

NOR logic gate 504 is coupled to at least buffer circuit
502 or an input of level shifter circuit 506. NOR logic gate
504 is configured to generate signal preQ in response to data
signal Dout and control signal SLP_VDDM. In some
embodiments, control signal preQ has the second voltage
swing. NOR logic gate 504 includes a first input terminal
configured to receive data Dout signal from buffer circuit
502, and a second input terminal configured to receive the
control signal SLP_VDDM from control circuit 102a in
FIG. 1.

The first input terminal of NOR logic gate 504 is coupled
to the output terminal of buffer circuit 502. The second input
terminal of NOR logic gate 504 is coupled to control circuit
102a in FIG. 1. In some embodiments, the second input
terminal of NOR logic gate 504 is coupled to inverter 2245
in FIGS. 2, 6 and 8. In some embodiments, the second input
terminal of NOR logic gate 504 is coupled to the output of
OR logic gate 124 in FIG. 1.

NOR logic gate 504 further includes an output terminal
coupled to the input of level shifter circuit 506. The output
terminal of NOR logic gate 504 is configured to output the
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signal preQ to the input of level shifter circuit 506. A voltage
supply node (unlabeled) of NOR logic gate 504 is config-
ured to receive second supply voltage VDDMI.

Level shifter circuit 506 is configured to receive signal
preQ. Level shifter circuit 506 is a level shifter circuit
configured to shift signal preQ from the VDDM voltage
domain (that uses the second supply voltage VDDM1) to the
VDD voltage domain (that uses the first supply voltage
VDD1) thereby generating control signal QBvdd. In some
embodiments, signal QBvdd is referred to as a level shifted
data signal. In some embodiments, signal QBvdd has the
first voltage swing.

Level shifter circuit 506 is coupled to NOR logic gate 504
and inverter 508. In some embodiments, level shifter circuit
506 is further coupled to header circuit 116 (not shown). In
some embodiments, level shifter circuit 506 is coupled to the
first voltage supply node N1 and the second voltage supply
node N2 (not shown). The input of level shifter circuit 506
is coupled to the output terminal of NOR logic gate 504. The
output of level shifter circuit 506 is coupled to an input
terminal of inverter 508, and configured to output signal
PISOBI.

Inverter 508 is coupled to level shifter circuit 506 and
NMOS transistor 510. Inverter 508 is configured to generate
signal Qvdd in response to signal QBvdd. In some embodi-
ments, signal Qvdd has the first voltage swing. In some
embodiments, signal Qvdd is inverted from signal QBvdd.
An input terminal of inverter 508 is coupled to the output of
level shifter circuit 506, and configured to receive signal
QBvdd. An output terminal of inverter 508 is configured to
output signal Qvdd. A voltage supply node (unlabeled) of
inverter 508 is coupled to node N3, and configured to
receive first supply voltage VDDI1.

A drain terminal of NMOS transistor 510 is coupled to the
output terminal of inverter 508. A gate terminal of NMOS
transistor 510 is coupled to control circuit 102¢ in FIG. 1. In
some embodiments, the gate terminal of NMOS transistor
510 is coupled to inverter 2245 in FIGS. 2, 6 and 8. In some
embodiments, the gate terminal of NMOS transistor 510 is
coupled to the output of OR logic gate 124 in FIG. 1. The
gate terminal of NMOS transistor 510 is configured to
receive control signal SLP_VDDM. A source terminal of
NMOS transistor 510 is configured as a reference supply
node configured to receive a reference supply voltage VSS
from a reference supply.

In some embodiments, NMOS transistor 510 is config-
ured to set or clamp signal Qvdd in response to control
signal SLP_VDDM. For example, in some embodiments, if
signal SLP_VDDM is a logical 1, then transistor 510 is
turned on and pulls node N8 to ground causing signal Qvdd
to be a logical 0. In other words, signal SLP_VDDM is used
to clamp signal Qvdd to a logical 0.

In some embodiments, if signal SLP_VDDM is a logical
0, then NMOS transistor 510 is turned off, and signal Qvdd
on node N8 is dependent upon data signal Dout. For
example, in these embodiments, if signal SLP_VDDM is a
logical 0 and data signal Dout is a logical 1, then signal
Qvdd is a logical 1. For example, in these embodiments, if
signal SLP_VDDM is a logical 0 and data signal Dout is a
logical 0, then signal Qvdd is a logical 0. Thus, when signal
SLP_VDDM is a logical 0, the value of signal Qvdd is equal
to data signal Dout since memory cell array 104a is in a
normal operational mode (state) configured to store or read
data.

In some embodiments, when power management circuit
100 enters the power management mode by control signal
PISO transitioning to a logical 1, supply voltage VDD is

10

15

20

25

30

35

40

45

50

55

60

65

18

turned off by circuit 1200 (FIG. 12), and output circuit 500
is configured to clamp signal Qvdd (in the VDD domain) to
a logical 0 by the use of control signal SLP_VDDM (in the
VDDM domain). In these embodiments, since the supply
voltage VDD is turned off, a signal in the VDD domain
cannot be used to clamp signal Qvdd, and a signal in the
VDDM domain is used to clamp signal Qvdd.

Circuit

FIG. 6 is a circuit diagram of a circuit 600, in accordance
with some embodiments.

Circuit 600 is a variation of circuit 200 of FIG. 2, and
similar detailed description is therefore omitted. In compari-
son with circuit 200 of FIG. 2, a latch circuit 602 of FIG. 6
and an inverter 604 of FIG. 6 replace NOR logic gate 224a,
and similar detailed description is therefore omitted. Circuit
600 is an embodiment of control circuit 1024 of FIG. 1.

Latch circuit 602 is configured to receive control signal
PISO and control signal SL.P2 from level shifter circuit 112.
Latch circuit 602 is configured to generate a control signal
SLP3. In some embodiments, control signal SLP3 has the
second voltage swing. In some embodiments, latch circuit
602 is configured to latch a state of control signal SLP2 in
response to control signal PISO. In some embodiments,
latch circuit 602 is configured to latch a previous state of
control signal SLP2 in response to control signal PISO. In
some embodiments, control signal SLP3 or SLP_VDDM is
a latched state of control signal SL.P2 in response to a rising
edge of control signal PISO. In some embodiments, control
signal SLLP3 or SLP_VDDM is a latched state of control
signal SLP2 in response to a falling edge of control signal
PISO.

A first input terminal of latch circuit 602 is coupled to the
output of level shifter circuit 112, and is configured to
receive control signal SLP2. A second input terminal of latch
circuit 602 is configured to receive control signal PISO. In
some embodiments, the second input terminal of latch
circuit 602 is a clock input terminal of the latch circuit 602.
An output terminal of latch circuit 602 is coupled to an input
terminal of inverter 604, and is configured to output control
signal SLP3.

In some embodiments, latch circuit 602 corresponds to a
positive or a negative edge triggered flip-flop. In some
embodiments, latch circuit 602 corresponds to an SR-flip-
flop. In some embodiments, the edge triggered flip-flop
includes an DQ flip-flop, a T flip-flop, a JK flip-flop, or the
like. A voltage supply node (unlabeled) of latch circuit 602
is configured to receive second supply voltage VDDMI.

Inverter 604 is coupled between latch circuit 602 and
inverter 2245. Inverter 604 is configured to generate control
signal SL.P3B in response to control signal SLP3. In some
embodiments, control signal SLP3B has the second voltage
swing. In some embodiments, control signal SLP3B is
inverted from control signal SLP3. An input terminal of
inverter 604 is coupled to the output terminal of latch circuit
602, and configured to receive control signal SLP3. An
output terminal of inverter 604 is coupled to the input
terminal of inverter 2245, and configured to output control
signal SLP3B to the input terminal of inverter 224b. A
voltage supply node (unlabeled) of inverter 604 is config-
ured to receive second supply voltage VDDMI.

Inverter 2245 of FIG. 6 is configured to generate control
signal SLP_VDDM in response to control signal SLP3B. In
some embodiments, control signal SLP_VDDM is inverted
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from control signal SLP3B. In some embodiments, control
signal SLP_VDDM is a delayed version of control signal
SLP3.

Waveforms

FIGS. 7A-7B are graphs of waveforms 700A-700B of a
circuit, in accordance with some embodiments. In some
embodiments, waveforms 700A-700B correspond to the
waveforms of circuit 100 of FIG. 1 or circuit 600 of FIG. 6.

Waveform 700A is an example of power management
circuit 100 and circuit 600 entering the power management
mode thereby causing memory circuit 104 to enter the sleep
mode (retention state).

Waveform 700A includes curves 710, 712, 714 and 716 of
signals in circuit 100 or 600 for the sleep mode (retention).
Waveform 700B includes curves 720, 722, 724 and 726 of
signals in circuit 100 or 600 for the shut-down mode
(non-retention).

In some embodiments, at least curve 710 or 720 repre-
sents first supply voltage VDD1 of FIGS. 1 & 6; at least
curve 712 or 722 represents control signal PISO of FIGS. 1
& 6; at least curve 714 or 724 represents control signal SDB
of FIGS. 1 & 6; and at least curve 716 or 726 represents
control signal SLPB of FIGS. 1 & 6. The timing labels of
waveforms 700A-700B are similar to the timing labels of
waveforms 400A-400E, and similar detailed description is
therefore omitted for brevity. In some embodiments, wave-
form 700A shows a transition from the normal mode (e.g.,
row 1 in Table 300) to the sleep mode (e.g., row 4 in Table
300).

Attime T1, curve 710 is a logical 1, curve 712 is a logical
0, curve 714 is a logical 1, curve 716 is a logical 1, and
memory circuit 104 is in the normal mode (e.g., row 1 in
Table 300 of FIG. 3). For example, in some embodiments,
curves 710, 712, 714 and 716 at time T1 corresponds to row
1 of the entries shown in Table 300.

At time T1, curve 716 begins transitioning from a logical
1 to a logical 0.

At time T3, curve 716 finishes transitioning to a logical 0
which causes control signal SLP_VDD and SLP_VDDM to
transition from a logical 0 to a logical 1 thereby causing
circuit 100 or 600 to enter the sleep mode (e.g., row 2 of
Table 300).

At time T3, curve 712 begins transitioning from a logical
0 to a logical 1, thereby causing power management circuit
100 to transition to the power management mode. In some
embodiments, the power management mode of power man-
agement circuit 100 is the sleep (retention mode) state (e.g.,
row 4 of Table 300).

At time T4, curve 712 is half-way between a logical 0 and
alogical 1. The change in curve 712 from logical 0 to logical
1, causes the latch circuit 602 to latch the previous state of
control signal SLP2 (which is a logical 1) and curve 716
(which is a logical 0).

Since curve 716 (e.g., control signal SL.PB) changes states
by time T3 and within the setup time Ts window (between
time T2 and T4), the previous state of curve 716 is a logical
0 and the previous state of control signal SL.P2 is a logical
1. Stated differently, the state of curve 716 between time
T2-T4 (e.g., logical 0) and control signal SLP2 (e.g., logical
1) corresponds to the previous state.

At time T5, curve 712 is a logical 1 which causes power
management circuit 100 to be in the power management
mode thereby causing memory circuit 104 to be in the sleep
(retention) mode (e.g., row 4 of Table 300).
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Between time T5-T6, memory circuit 104 is in the sleep
mode (retention) (e.g., row 4 of Table 300).

At time T7, curve 712 begins transitioning from a logical
1 to a logical 0, thereby causing power management circuit
100 to transition to leave the power management mode.

After time T7, curve 712 is a logical 0, and power
management circuit 100 leaves the power management
mode. In some embodiments, after time T7, curve 716
transitions to a logical 1 causing power management circuit
100 to return to the normal mode. In some embodiments, the
transition of curves 712 and 716 after time T7 causes control
signal SLP_VDD and SLP_VDDM to transition from a
logical 1 to a logical 0 thereby causing memory circuit 104
to enter the normal mode. For example, in some embodi-
ments, the transition of curves 712 and 716 after time T7
corresponds to a transition from row 4 to row 1 of the entries
shown in Table 400.

FIG. 7B is a graph of waveform 700B of a circuit, in
accordance with some embodiments. Waveform 700B is an
example of power management circuit 100 and circuit 600
entering the power management mode thereby causing
memory circuit 104 to enter the shut-down mode (non-
retention state). In some embodiments, waveform 700B
shows a transition from the normal mode (e.g., row 1 in
Table 300) to the shut-down (e.g., row 5 in Table 300).

Attime T1, curve 720 is a logical 1, curve 722 is a logical
0, curve 724 is a logical 1, curve 726 is a logical 1, and
memory circuit 104 is in the normal mode (e.g., row 1 in
Table 300 of FIG. 3). For example, in some embodiments,
curves 720, 722, 724 and 726 at time T1 corresponds to row
1 of the entries shown in Table 300.

At time T1, curve 724 and curve 726 begin transitioning
from a logical 1 to a logical 0.

At time T3, curve 724 and curve 726 finish transitioning
to a logical 0 which causes control signal SLP_VDD and
SLP_VDDM to transition from a logical 0 to a logical 1
thereby causing circuit 100 or 600 to enter the shut-down
mode (e.g., row 3 of Table 300).

At time T3, curve 722 begins transitioning from a logical
0 to a logical 1, thereby causing power management circuit
100 to transition to the power management mode. In some
embodiments, the power management mode of power man-
agement circuit 100 is the shut-down (non-retention mode)
state (e.g., row 5 of Table 300).

At time T4, curve 722 is half-way between a logical 0 and
alogical 1. The change in curve 722 from logical 0 to logical
1, causes the latch circuit 602 to latch the previous state of
control signal SLP2 (which is a logical 1) and curve 726
(which is a logical 0), and causes latch circuit 222 to latch
the previous state of control signal SD2 (which is a logical
1) and curve 724 (which is a logical 0). For at least similar
reasons as stated above for FIG. 7A, the state of curve 726
between time T2-T4 (e.g., logical 0) and control signal SLP2
(e.g., logical 1) corresponds to the previous state.

Since curve 724 (e.g., control signal SDB) changes states
by time T3 and within the setup time Ts window (between
time T2 and T4), the previous state of curve 724 is a logical
0 and the previous state of control signal SD2 is a logical 1.
Stated differently, the state of curve 724 between time T2-T4
(e.g., logical 0) and control signal SD2 (e.g., logical 1)
corresponds to the previous state.

At time T5, curve 722 is a logical 1 which causes power
management circuit 100 to be in the power management
mode thereby causing memory circuit 104 to be in the
shut-down (non-retention) mode (e.g., row 5 of Table 300).

Between time T5-T6, memory circuit 104 is in the shut-
down mode (non-retention) (e.g., row 5 of Table 300).
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At time T7, curve 722 begins transitioning from a logical
1 to a logical 0, thereby causing power management circuit
100 to transition to leave the power management mode.

After time T7, curve 722 is a logical 0, and power
management circuit 100 leaves the power management
mode. In some embodiments, after time T7, curve 724 and
curve 726 transition to a logical 1 causing power manage-
ment circuit 100 to return to the normal mode. In some
embodiments, the transition of curves 722, 724 and 726 after
time T7 causes control signals SD_VDDM, SLP_VDD and
SLP_VDDM to transition from a logical 1 to a logical 0,
thereby causing memory circuit 104 to enter the normal
mode. For example, in some embodiments, the transition of
curves 722, 724 and 726 after time T7 corresponds to a
transition from row 5 to row 1 of the entries shown in Table
400.

Circuit

FIG. 8 is a circuit diagram of a circuit 800, in accordance
with some embodiments.

Circuit 800 is a variation of circuit 200 of FIG. 2, and
similar detailed description is therefore omitted. In compari-
son with circuit 200 of FIG. 2, circuit 800 does not include
control signal SDB, and the functionality of control signal
SDB from FIG. 2 is implemented in circuit 800 by the use
of control signal PISO.

In some embodiments, by removing control signal SDB,
the functionality of control signal SDB from FIG. 2 is
implemented in circuit 800 by the use of control signal
PISO. For, example, in some embodiments, control signal
PISO causes control signals SLP_VDD and SLP_VDDM to
be a logical 1 when PISO is enabled or is a logical 1, thereby
causing memory circuit 104 to be in the sleep mode (reten-
tion mode).

In comparison with circuit 200 of FIG. 2, circuit 800 does
not include level shifter circuit 112. In comparison with
circuit 200 of FIG. 2, an inverter 802 of FIG. 8 replaces
inverter 108 and NAND logic gate 110, a NOR logic gate
804 of FIG. 8 replaces NOR logic gate 224a, and a NAND
logic gate 806 replaces inverter 244, and similar detailed
description is therefore omitted. Circuit 800 is an embodi-
ment of control circuit 102a of FIG. 1.

Inverter 802 is coupled to at least level shifter circuit 114,
NOR logic gate 226a or header circuit 116 by node N3.
Inverter 802 is configured to generate control signal SLP3 in
response to control signal SLPB. In some embodiments,
control signal SLP3 has the first voltage swing. In some
embodiments, control signal SL.P3 is inverted from control
signal SL.PB. An input terminal of inverter 802 is configured
to receive control signal SLPB. An output terminal of
inverter 802 is coupled to the input of level shifter circuit
114 and the second input terminal of NOR logic gate 226a4.
The output terminal of inverter 802 is configured to output
control signal SLP3 to the input of level shifter circuit 114
and the second input terminal of NOR logic gate 226a. A
voltage supply node of inverter 802 is coupled to node N3
and configured to receive first supply voltage VDDI1. In
some embodiments, inverter 802 is coupled to the drain of
PMOS transistor 118 by node N3.

NOR logic gate 226a of FIG. 8 is configured to generate
control signal SLP_VDDB in response to control signal
SLP3 and PISO1. In some embodiments, control signal
SLP3 is similar to control signal SLP1 of FIG. 2, and
therefore the operation of NOR logic gate 226a of FIG. 8 is
similar to the operation of NOR logic gate 2264 of FIG. 2,
and similar detailed description is therefore omitted. Inverter
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226b of FIG. 8 is configured to generate control signal
SLP_VDD in response to control signal SLP_VDDB.

Level shifter circuit 114 of FIG. 8 is configured to
generate control signal SL.P4 in response to control signal
SLP3. In some embodiments, control signal SL.P4 has the
second voltage swing. In some embodiments, control signal
SLP3 is similar to control signal SD1 of FIG. 2, control
signal SL.P4 is similar to control signal SD2 of FIG. 2, and
therefore the operation of level shifter circuit 114 of FIG. 8
is similar to the operation of level shifter circuit 114 of FIGS.
1-2, and similar detailed description is therefore omitted.

Latch circuit 122 of FIG. 8 is configured to generate
control signal SD_VDDMI1 in response to control signal
PISO and control signal SLP4. In some embodiments,
control signal SL.P4 is similar to control signal SD2 of FIG.
2, and therefore the operation of latch circuit 122 of FIG. 8
is similar to the operation of latch circuit 122 of FIGS. 1-2,
and similar detailed description is therefore omitted.

NOR logic gate 804 is coupled between inverter 2245 and
level shifter circuit 114. NOR logic gate 804 is configured to
generate control signal PISOB2 in response to control signal
PISO and control signal SLP4. In some embodiments,
control signal PISOB2 has the second voltage swing. In
some embodiments, control signal PISOB2 is inverted from
control signal PISO. In some embodiments, control signal
PISOB2 is equal to control signal PISOB. An input terminal
of NOR logic gate 804 is configured to receive control signal
PISOB. An input terminal of NOR logic gate 804 is coupled
to an output terminal of level shifter circuit 114, and is
configured to receive control signal SLP4. An output termi-
nal of NOR logic gate 804 is coupled to the input terminal
of inverter 2245 of FIG. 8, and configured to output control
signal PISOB2 to the input terminal of inverter 2245. A
voltage supply node (unlabeled) of NOR logic gate 804 is
configured to receive second supply voltage VDDMI.

NAND logic gate 806 is coupled between latch circuit
122 and inverter 246. NAND logic gate 806 is configured to
generate a control signal SD_VDDMI1B' in response to
control signal PISO and control signal SD_VDDMI. In
some embodiments, control signal SD_VDDM1B' has the
second voltage swing. An input terminal of NAND logic
gate 806 is configured to receive control signal PISO. An
input terminal of NAND logic gate 806 is coupled to an
output terminal of latch circuit 122, and is configured to
receive control signal SD_VDDMI1. An output terminal of
NAND logic gate 806 is coupled to the input terminal of
inverter 246 of FIG. 8, and configured to output control
signal SD_VDDMI1B!' to the input terminal of inverter 246.
A voltage supply node (unlabeled) of NAND logic gate 806
is configured to receive second supply voltage VDDMI.

Inverter 2245 of FIG. 8 is configured to generate control
signal SLP_VDDM in response to control signal PISOB2. In
some embodiments, control signal SLP_VDDM is inverted
from control signal PISOB2. In some embodiments, control
signal SLP_VDDM is a delayed version of control signal
PISO. In some embodiments, control signal PISOB2 is
similar to control signal SLP_VDDMB of FIG. 2, and
therefore the operation of inverter 2245 of FIG. 8 is similar
to the operation of inverter 2246 of FIG. 2, and similar
detailed description is therefore omitted.

Truth Table

FIG. 9 is a truth table 900 of the circuit 100 in FIG. 1 or
circuit 800 in FIG. 8, in accordance with some embodi-
ments. The values and format of table 900 are provided as
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an example, and other values and/or formats for Table 900
are within the scope of the present disclosure.

As shown in row 1 of truth table 900 of FIG. 9, if control
signal PISO is a logical 0 and control signal SLPB is a
logical 1, then power management circuit 102 or circuit 800
cause control signals SLP_VDD, SLP_VDDM and
SD_VDDM to each be a logical O thereby causing memory
circuit 104 to be in a normal mode.

As shown in row 2 of truth table 900 of FIG. 9, if control
signal PISO is a logical 0 and control signal SLPB is a
logical 0, then power management circuit 102 or circuit 800
cause control signals SLP_VDD and SLP_VDDM to each
be a logical 1, and control signal SD_VDDM to be a logical
0 thereby causing memory circuit 104 to be in a sleep mode
(retention mode).

As shown in rows 3 and 4 of truth table 900 of FIG. 9,
when control signal PISO is a logical 1 causes memory
circuit 104 to automatically be in either the sleep mode
(retention mode) or the shutdown mode (non-retention
mode) thereby reducing the power consumption of at least
circuit 100 or 800.

As shown in row 3 of truth table 900 of FIG. 9, if control
signal PISO is a logical 1 and control signal SLPB is a
logical 1, then power management circuit 102 or circuit 800
cause control signals SLP_VDD and SLP_VDDM to each
be a logical 1, and control signal SD_VDDM to be a logical
0 thereby causing memory circuit 104 to be in the sleep
mode (retention mode). In some embodiments, for at least
row 3 of truth table 900, control signal SLPB is in the
floating or high impedance state (Z*) after signal SD2 is
latched by latch circuit 122 of FIG. 8 and the first supply
voltage VDD is turned off by control circuit 1200 (FIG. 12)
thereby causing at least level shifter circuit 114 in FIG. 8 to
be disabled.

As shown in row 4 of truth table 900 of FIG. 9, if control
signal PISO is a logical 1 and control signal SDB is a logical
0, then power management circuit 102 or circuit 800 cause
each of control signals SLP_VDD, SLP_VDDM and
SD_VDDM to be a logical 1 thereby causing memory circuit
104 to be in the shut-down mode (non-retention mode). In
some embodiments, for at least row 4 of truth table 900,
control signal SLPB is in the floating or high impedance
state (Z*) after signal SD2 is latched by latch circuit 122 of
FIG. 8 and the first supply voltage VDDI1 is turned off by
control circuit 1200 (FIG. 12) thereby causing level shifter
circuit 114 in FIG. 8 to be disabled.

Waveforms

FIGS. 10A-10B are graphs of waveforms 1000A-1000B
of a circuit, in accordance with some embodiments. In some
embodiments, waveforms 1000A-1000B correspond to the
waveforms of circuit 100 of FIG. 1 or circuit 800 of FIG. 8.

Waveform 1000A includes curves 1010, 1012 and 1016 of
signals in circuit 100 or 800 for the sleep mode (retention).

In some embodiments, at least curve 1010 or 1020 rep-
resents first supply voltage VDD1 of FIGS. 1 & 8; at least
curve 1012 or 1022 represents control signal PISO of FIGS.
1 and 8; and at least curve 1016 or 1026 represents control
signal SLPB of FIGS. 1 and 8.

At time T1, curve 1014 is a logical 1 and curve 1012 is a
logical 0.

At time T3, curve 1012 transitions from a logical 0 to a
logical 1 which causes control signal SLP_VDD and
SLP_VDDM to transition from a logical 0 to a logical 1
thereby causing memory circuit 104 to enter the sleep mode
(retention). For example, in some embodiments, this tran-
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sition of curve 1012 corresponds to a transition from row 1
to row 3 of the entries shown in Table 900.

At time T5, curve 1012 is a logical 1.

Between time T5-T6, memory circuit 104 is in the sleep
mode (retention).

At time T7, curve 1012 transitions from a logical 1 to a
logical 0. In some embodiments, the transition of curve 1012
from a logical 1 to a logical O causes control signal
SLP_VDD and SLP_VDDM to transition from a logical 1 to
a logical 0 thereby causing memory circuit 104 to enter the
normal mode. For example, in some embodiments, this
transition of curve 1012 corresponds to a transition from row
3 to row 1 of the entries shown in Table 900. After time T7,
curve 1012 is a logical 0.

Waveform 1000B includes curves 1020, 1022 and 1026 of
signals in circuit 100 or 800 for the shut-down mode
(non-retention).

At time T1, curve 1022 is a logical 0, and curve 1024
transitions from a logical 1 to a logical 0.

At time T3, curve 1024 is a logical 0, and curve 1022
transitions from a logical 0 to a logical 1 which causes
control signal SLP_VDD, SLP_VDDM and SD_VDDM to
transition from a logical 0 to a logical 1 thereby causing
memory circuit 104 to enter the shut-down mode (non-
retention). For example, in some embodiments, this transi-
tion of curve 1022 and curve 1024 corresponds to a transi-
tion from row 1 to row 4 of the entries shown in Table 900.

At time T5, curve 1022 is a logical 1.

Between time T5-T6, memory circuit 104 is in the shut-
down mode (non-retention).

At time T7, curve 1022 transitions from a logical 1 to a
logical 0. In some embodiments, the transition of curve 1022
from a logical 1 to a logical O causes control signal
SLP_VDD and SLP_VDDM to transition from a logical 1 to
a logical 0 thereby causing memory circuit 104 to enter
either the normal mode. For example, in some embodiments,
this transition of curve 1022 corresponds to a transition from
row 4 to row 1 of the entries shown in Table 900. In some
embodiments, the transition of curve 1022 from a logical 1
to a logical 0 and the transition of curve 1026 from a logical
0 to a logical 1 causes control signal SD_VDDM to transi-
tion from a logical 1 to a logical 0, thereby causing memory
circuit 104 to enter the sleep mode. For example, in some
embodiments, this transition of curve 1022 corresponds to a
transition from row 4 to row 2 of the entries shown in Table
900.

After time T7, curve 1022 is a logical 0.

Level Shifter Circuit

FIG. 11 is a circuit diagram of a level shifter circuit 1100,
in accordance with some embodiments.

Level shifter circuit 1100 is an embodiment of at least
level shifter circuit 106, 112, 114, 206 or 506, and similar
detailed description is omitted.

Level shifter circuit 1100 is configured to receive a signal
LSin, and to generate a signal LSout. Level shifter circuit
1100 is a level shifter circuit configured to shift signals from
a first voltage domain VXX that uses supply voltage VXX1
to a second voltage domain VY'Y that uses supply voltage
VYY1.

In some embodiments, the first voltage domain VXX is
voltage domain VDD, the supply voltage VXX1 is supply
voltage VDDI1, the second voltage domain VY'Y is voltage
domain VDDM, and the supply voltage VYY1 is supply
voltage VDDM1, and level shifter circuit 1100 is configured
to shift signals from voltage domain VDD that uses supply
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voltage VDDI1 to voltage domain VDDM that uses supply
voltage VDDM1. For example, in these embodiments, level
shifter circuit 1100 is an embodiment of at least level shifter
circuit 112 or 114, and similar detailed description is omit-
ted. For example, in these embodiments, when level shifter
circuit 1100 is an embodiment of level shifter circuit 112,
signal LSin corresponds to at least control signal SL.P1, and
signal LSout corresponds to at least control signal SL.P2. For
example, in these embodiments, when level shifter circuit
1100 is an embodiment of level shifter circuit 114, signal
LSin corresponds to at least control signal SD1 or SLP3, and
signal LSout corresponds to at least control signal SD2 or
SLP4.

In some embodiments, the first voltage domain VXX is
voltage domain VDDM, the supply voltage VXX1 is supply
voltage VDDM1, the second voltage domain VY'Y is voltage
domain VDD, and the supply voltage VYY1 is supply
voltage VDD, and level shifter circuit 1100 is configured to
shift signals from voltage domain VDDM that uses supply
voltage VDDM1 to voltage domain VDD that uses supply
voltage VDDI1. For example, in these embodiments, level
shifter circuit 1100 is an embodiment of at least level shifter
circuit 106, 206 or 506, and similar detailed description is
omitted. For example, in these embodiments, when level
shifter circuit 1100 is an embodiment of level shifter circuit
106, signal LSin corresponds to at least control signal PISO,
and signal LSout corresponds to at least control signal
PISO1. For example, in these embodiments, when level
shifter circuit 1100 is an embodiment of level shifter circuit
206, signal LSin corresponds to at least control signal
PISOB, and signal LSout corresponds to at least control
signal PISOB1. For example, in these embodiments, when
level shifter circuit 1100 is an embodiment of level shifter
circuit 506, signal LSin corresponds to at least signal preQ,
and signal LSout corresponds to at least control signal
QBvdd.

Level shifter circuit 1100 is configured to receive signal
LSin on an input terminal (not labelled), and to output a
signal LSout on an output terminal (not labeled). Signal
LSin corresponds to an input signal of level shifter circuit
1100, and signal LSout corresponds to an output signal of
level shifter circuit 1100. Level shifter circuit 1100 is
configured to generate signal L.Sout based on signal LSin.

Signal LSout corresponds to a level shifted version of
signal LSin. In some embodiments, a voltage level of signal
LSin of level shifter circuit 1100 is less than a voltage level
of the signal LSout of level shifter circuit 1100. In some
embodiments, the voltage level of signal LSin of level
shifter circuit 1100 is greater than the voltage level of signal
LSout of level shifter circuit 1100.

Level shifter circuit 1100 includes an inverter 1102, an
NMOS transistor 1104, a PMOS transistor 1106, a PMOS
transistor 1108, a PMOS transistor 1110, a PMOS transistor
1112, an NMOS transistor 1114 and an inverter 1116.

An input terminal of inverter 1102 is configured to receive
a signal LSin. Each of the input terminal of inverter 1102, a
gate terminal of PMOS transistor 1106, and a gate terminal
of NMOS transistor 1104 are coupled to each other. An
output terminal of inverter 1102 is configured to output a
signal LSBin. In some embodiments, signal L.SBin is an
inverted version of signal LSin. Inverter 1102 is configured
to generate signal LSBin based on signal CKPI. Inverter
1102 is coupled to voltage supply VXX. In some embodi-
ments, inverter 1102 is a CMOS inverter type coupled to
voltage supply VXX and reference voltage supply VSS.

The gate terminal of NMOS transistor 1104 is configured
to receive signal LSin. A source terminal of NMOS transis-
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tor 1104 is coupled to reference voltage supply VSS. Each
of a drain terminal of NMOS transistor 1104, a drain
terminal of PMOS transistor 1106, a gate terminal of PMOS
transistor 1110, and an input terminal of inverter 1116 are
coupled together at a node 11-N1.

The gate terminal of PMOS transistor 1106 is configured
to receive signal L.Sin. A source terminal of PMOS transistor
1106 is coupled to the drain terminal of PMOS transistor
1108.

A source terminal of PMOS transistor 1108 is coupled
with voltage supply VYY. Each of a gate terminal of PMOS
transistor 1108, a drain terminal of NMOS transistor 1114,
and a drain terminal of PMOS transistor 1112 are coupled to
each other at a node 11-N2. The gate terminal of PMOS
transistor 1108 is configured to receive a voltage at node
11-N2. In some embodiments, PMOS transistor 1108 is
turned on or off based on the voltage at node 11-N2.

NMOS transistor 1104, PMOS transistor 1106 and PMOS
transistor 1108 are configured to set the voltage of node
11-N1 which corresponds to signal LSBout. For example, in
some embodiments, if NMOS transistor 1104 is turned on,
NMOS transistor 1104 is configured to pull node 11-N1
towards reference voltage VSS. For example, in some
embodiments, if PMOS transistors 1106 and 1108 are turned
on, PMOS transistors 1106 and 1108 are configured to pull
node 11-N1 towards supply voltage VYY1.

A source terminal of PMOS transistor 1110 is coupled
with voltage supply VYY. A drain terminal of PMOS tran-
sistor 1110 is coupled with a source terminal of PMOS
transistor 1112. The gate terminal of PMOS transistor 1110
is coupled to at least node 11-N1. A voltage at node 11-N1
corresponds to a signal L.SBout. The gate terminal of PMOS
transistor 1110 is configured to receive signal LSBout. In
some embodiments, PMOS transistor 1110 is turned on or
off based on the voltage at node 11-N1 which corresponds to
signal L.SBout.

The gate terminal of PMOS transistor 1112 is configured
to receive signal LSBin from inverter 1102. Each of the gate
terminal of PMOS transistor 1112, a gate terminal of NMOS
transistor 1114 and the output terminal of inverter 1102 are
coupled to each other.

The gate terminal of NMOS transistor 1114 is configured
to receive signal LSBin from inverter 1102. A source ter-
minal of NMOS transistor 1114 is coupled to reference
voltage supply VSS.

NMOS transistor 1114, PMOS transistor 1110 and PMOS
transistor 1112 are configured to set the voltage of node
11-N1 which corresponds to signal LSBout. For example, in
some embodiments, if NMOS transistor 1114 is turned on,
NMOS transistor 1114 is configured to pull node 11-N2
towards reference voltage VSS. For example, in some
embodiments, if PMOS transistors 1110 and 1112 are turned
on, PMOS transistors 1110 and 1112 are configured to pull
node 11-N2 towards supply voltage VYY1.

The input terminal of inverter 1116 is configured to
receive signal LSBout from node 11-N1. An output terminal
of inverter 1116 is configured to output signal LSout. In
some embodiments, signal L.Sout is an inverted version of
signal LSBout. Inverter 1116 is configured to generate signal
LSout based on signal LSBout. Inverter 1116 is coupled to
voltage supply VYY. In some embodiments, inverter 1116 is
a CMOS inverter type coupled to voltage supply VY'Y and
reference voltage VSS. Signal LSout corresponds to the
output signal of level shifter circuit 1100. Signal LSout is a
level shifted version of signal LSin.
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Other configurations and types of level shifters for level
shifter circuit 1100 are within the scope of the present
disclosure.

FIG. 12 is a circuit diagram of a circuit 1200, in accor-
dance with some embodiments.

Circuit 1200 is configured to turn off or on supply voltage
VDD provided to circuit 100, 200, 500, 600, 800 and 1100.

Circuit 1200 includes a PMOS transistor 1202 coupled to
a node N9. In some embodiments, PMOS transistor 1202 is
configured to provide supply voltage VDD1 to node N9
when turned on or enabled by a control signal CS. In some
embodiments, PMOS transistor 1202 is configured to not
provide supply voltage VDD1 to node N9 when turned off
or disabled by control signal CS. In some embodiments,
control signal CS is control signal PISO. In some embodi-
ments, control signal CS is a delayed version of control
signal PISO.

For example, in some embodiments, if control signal CS
is a logical 0, then PMOS transistor 1202 is turned on and
pulls node N9 to supply voltage VSS1. In some embodi-
ments, control signal is a logical 0, when control signal PISO
is a logical 0 thereby causing power management circuit 100
to not be in the power management mode.

For example, in some embodiments, if control signal CS
is a logical 1, then PMOS transistor 1202 is turned off, and
supply voltage VSS is not provided to node N9 by PMOS
transistor 1202. In some embodiments, control signal is a
logical 1, when control signal PISO is a logical 1 thereby
causing power management circuit 100 to be in the power
management mode.

A source terminal of PMOS transistor 1202 is configured
as a voltage supply node configured to receive supply
voltage VDDI1 from voltage supply VDD. A gate terminal of
PMOS transistor 1202 is configured to receive control signal
CS. In some embodiments, control signal CS turns on or
turns off PMOS transistor 1202.

A drain terminal of PMOS transistor 1202 is coupled to
node N9. In some embodiments, the drain terminal of PMOS
transistor 1202 is coupled to nodes N1 and N7 in FIGS. 1-2,
5-6 and 8. In some embodiments, the drain terminal of
PMOS transistor 1202 is coupled to the voltage supply node
of at least OR logic gate 126, inverter 242, inverter 2265,
NOR logic gate 226a, level shifter circuit 106, level shifter
circuit 206, level shifter circuit 506 or level shifter circuit
1100.

Method

FIG. 13 is a flowchart of a method of operating a circuit,
such as circuit 100-200, 500-600, 800 or 1100-1200 of
corresponding FIG. 1, 2, 5-6, 8 or 11-12, in accordance with
some embodiments. It is understood that additional opera-
tions may be performed before, during, and/or after the
method 1300 depicted in FIG. 13, and that some other
processes may only be briefly described herein. It is under-
stood that method 1300 utilizes features of one or more of
circuits 100-200, 500-600, 800 or 1100-1200 of correspond-
ing FIG. 1-2, 5-6, 8 or 11-12, or one or more features of truth
tables 300 or 900 of corresponding FIG. 3 or 9, or one or
more features of waveforms 400A-400D, 700A-700B or
1000A-1000B of corresponding FIGS. 4A-4D, 7A-7B or
10A-10B.

In operation 1302 of method 1300, at least a first control
signal (PISO), a second control signal (SLPB) or a third
control signal (SDB) is received by a power control circuit
(circuit 100, 102 or 102a). In some embodiments, the power
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control circuit of method 1300 is coupled to a first voltage
supply having a first voltage and a second voltage supply
having a second voltage.

In operation 1304 of method 1300, a first output control
signal (SD_VDDM), a second output control signal
(SLP_VDDM) and a third output control signal (SLP_VDD)
are generated by power control circuit in response to at least
a first control signal (PISO), a second control signal (SLPB)
or a third control signal (SDB). In some embodiments, at
least the first voltage (VDDMI1) or the first control signal
(PISO) having a first voltage swing (VDDM), and at least
the second voltage (VDDI1), the second control signal
(SLPB) or the third control signal (SDB) having a second
voltage swing (VDD) different from the first voltage swing.

In operation 1306 of method 1300, at least a first supply
voltage (VDDALI), a second supply voltage (VDDMH) or a
third supply voltage (VDDH) is supplied by a header circuit
in response to at least the first output control signal, the
second output control signal or the third output control
signal.

In operation 1308 of method 1300, the power control
circuit is caused to enter a power management mode in
response to a first value (1) of the first control signal (PISO).
In some embodiments, the power management mode has a
first reduced power state and a second reduced power state.
In some embodiments, causing the power control circuit to
enter the power management mode of operation 1308 com-
prises turning off the second voltage supply (VDD) and
causing a memory circuit to be in the first reduced power
state or the second reduced power state in response to at least
the first supply voltage (VDDALI) or the first control signal
(PISO). In some embodiments, the memory circuit is
coupled to the power control circuit and the first header
circuit.

In some embodiments, causing the memory circuit to be
in the first reduced power state or the second reduced power
state in response to at least the first supply voltage (VDDAI)
or the first control signal (PISO), comprises causing the
memory circuit to be in the second reduced power state in
response to the first output control signal (SD_VDDM)
having a first logical value (1), or causing the memory
circuit to be in the first reduced power state in response to
the first output control signal (SD_VDDM) having a second
logical value (0). In some embodiments, the second reduced
power state corresponding to a shut-down mode of the
memory circuit, the first reduced power state corresponding
to a sleep mode of the memory circuit, and the first logical
value being different from the second logical value.

In operation 1310 of method 1300, the power control
circuit is caused to leave the power management mode
thereby entering a normal mode in response to a second
value (0) of the first control signal (PISO), the power
management mode having a normal power state, the first
reduced power state and the second reduced power state, the
second value being opposite from the first value. In some
embodiments, causing the power control circuit to leave the
power management mode of operation 1310 comprises
turning on the second voltage supply (VDD).

In some embodiments, causing the power control circuit
to leave the power management mode of operation 1310
further comprises causing the memory circuit to be in the
first reduced power state in response to the third output
control signal (SLP_VDD) and the second output control
signal (SLP_VDDM) having a first logical value (1), and the
first control signal (PISO) and the first output control signal
(SD_VDDM) having a second logical value (0), causing the
memory circuit to be in the second reduced power state in
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response to the first control signal (PISO) having a second
logical value (0), and the first output control signal
(SD_VDDM), the second output control signal
(SLP_VDDM) and the third output control signal
(SLP_VDD) having the first logical value (1), or causing the
memory circuit to be in the normal power state in response
to the first control signal (PISO), the first output control
signal (SD_VDDM), the second output control signal
(SLP_VDDM) and the third output control signal
(SLP_VDD) having the second logical value (0).

In some embodiments, the normal power state corre-
sponding to a normal power mode of the memory circuit. In
some embodiments, the first reduced power state corre-
sponding to a sleep mode of the memory circuit, and the first
logical value being different from the second logical value.
In some embodiments, the second reduced power state
corresponding to a shut-down mode of the memory circuit.

In some embodiments, the first logical value is a logical
high. In some embodiments the first logical value is a logical
low.

In some embodiments, one or more of the operations of
method 1300 is not performed. While method 1300 was
described above with reference to FIGS. 1-2, it is understood
that method 1300 utilizes the features of one or more of
FIGS. 3-12. In some these embodiments, other operations of
method 1300 would be performed consistent with the
description and operation of circuits 300-1200 of FIGS.
3-12.

Furthermore, various PMOS or NMOS transistors shown
in FIGS. 1-13 are of a particular dopant type (e.g., N-type or
P-type) are for illustration purposes. Embodiments of the
disclosure are not limited to a particular transistor type, and
one or more of the PMOS or NMOS transistors shown in
FIGS. 1-13 can be substituted with a corresponding transis-
tor of a different transistor/dopant type. Similarly, the low or
high logical value of various signals used in the above
description is also for illustration. Embodiments of the
disclosure are not limited to a particular logical value when
a signal is activated and/or deactivated. Selecting different
logical values is within the scope of various embodiments.

Selecting different numbers of inverters in circuits 300-
1200 is within the scope of various embodiments. Selecting
different numbers of circuit elements in circuits 300-1200 is
within the scope of various embodiments.

One aspect of this description relates to a circuit. In some
embodiments, the circuit includes a power management
circuit configured to receive at least a first control signal or
a second control signal, and to supply at least a first supply
voltage, a second supply voltage or a third supply voltage,
the first control signal having a first voltage swing, and the
second control signal having a second voltage swing differ-
ent from the first voltage swing, the first control signal
causing the power management circuit to enter a power
management mode having a first state and a second state. In
some embodiments, the power management circuit includes
a first level shifter circuit configured to generate a first level
shifted signal in response to the first control signal, and
being coupled to a first node and a second node, the first
level shifted signal is a level shifted version of the first
control signal. In some embodiments, the power manage-
ment circuit further includes a first header circuit coupled to
at least the first level shifter circuit, a first voltage supply and
a second voltage supply, and configured to supply the first
supply voltage of the first voltage supply to the first node in
response to the first control signal, and to supply the second
supply voltage of the second voltage supply to the second
node in response to the first level shifted signal.
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Another aspect of this description relates to a circuit. In
some embodiments, the circuit includes a power control
circuit coupled to a first voltage supply having a first voltage
and a second voltage supply having a second voltage, the
power control circuit configured to generate a first output
control signal, a second output control signal and a third
output control signal in response to a first control signal and
a second control signal, at least the first voltage or the first
control signal having a first voltage swing, and at least the
second voltage or the second control signal having a second
voltage swing different from the first voltage swing, the first
control signal causing the power control circuit to enter a
power management mode having a first reduced power state
and a second reduced power state. In some embodiments,
the circuit further includes a first header circuit coupled to
the power control circuit, and configured to supply at least
a first supply voltage, a second supply voltage or a third
supply voltage in response to at least the first output control
signal, the second output control signal or the third output
control signal. In some embodiments, the circuit further
includes a memory cell array coupled to the first header
circuit, configured to receive the first supply voltage, and
being in the first reduced power state or the second reduced
power state in response to the power control circuit entering
the power management mode. In some embodiments, the
power management mode includes the second voltage sup-
ply being turned off. In some embodiments, the power
control circuit includes a second header circuit coupled to
the first voltage supply and the second voltage supply, and
configured to supply the first voltage of the first voltage
supply to a first voltage supply node in response to the first
control signal, and to supply the second voltage of the
second voltage supply to a second voltage supply node in
response to a first level shifted signal, the first level shifted
signal is a level shifted version of the first control signal.

Yet another aspect of this description relates to a method
of operating a circuit. In some embodiments, the method
includes generating, by a power control circuit, a first output
control signal, a second output control signal and a third
output control signal in response to at least a first control
signal, a second control signal or a third control signal, the
power control circuit being coupled to a first voltage supply
having a first voltage and a second voltage supply having a
second voltage, at least the first voltage or the first control
signal having a first voltage swing, and at least the second
voltage, the second control signal or the third control signal
having a second voltage swing different from the first
voltage swing. In some embodiments, the method further
includes supplying, by a first header circuit, at least a first
supply voltage, a second supply voltage or a third supply
voltage in response to at least the first output control signal,
the second output control signal or the third output control
signal. In some embodiments, the method further includes
supplying, by a second header circuit, the first voltage of the
first voltage supply to a first voltage supply node in response
to the first control signal, and to supply the second voltage
of'the second voltage supply to a second voltage supply node
in response to a first level shifted signal, the first level shifted
signal is a level shifted version of the first control signal,
wherein the second header circuit is coupled to at least a first
level shifter circuit. In some embodiments, the method
further includes causing the power control circuit to enter a
power management mode in response to a first value of the
first control signal, the power management mode having a
first reduced power state and a second reduced power state.

A number of embodiments have been described. It will
nevertheless be understood that various modifications may
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be made without departing from the spirit and scope of the
disclosure. For example, various transistors being shown as
a particular dopant type (e.g., N-type or P-type Metal Oxide
Semiconductor (NMOS or PMOS)) are for illustration pur-
poses. Embodiments of the disclosure are not limited to a
particular type. Selecting different dopant types for a par-
ticular transistor is within the scope of various embodi-
ments. The low or high logical value of various signals used
in the above description is also for illustration. Various
embodiments are not limited to a particular logical value
when a signal is activated and/or deactivated. Selecting
different logical values is within the scope of various
embodiments. In various embodiments, a transistor func-
tions as a switch. A switching circuit used in place of a
transistor is within the scope of various embodiments. In
various embodiments, a source of a transistor can be con-
figured as a drain, and a drain can be configured as a source.
As such, the term source and drain are used interchangeably.
Various signals are generated by corresponding circuits, but,
for simplicity, the circuits are not shown.

Various figures show capacitive circuits using discrete
capacitors for illustration. Equivalent circuitry may be used.
For example, a capacitive device, circuitry or network (e.g.,
a combination of capacitors, capacitive elements, devices,
circuitry, or the like) can be used in place of the discrete
capacitor. The above illustrations include exemplary steps,
but the steps are not necessarily performed in the order
shown. Steps may be added, replaced, changed order, and/or
eliminated as appropriate, in accordance with the spirit and
scope of disclosed embodiments.

The foregoing outlines features of several embodiments
so that those skilled in the art may better understand the
aspects of the present disclosure. Those skilled in the art
should appreciate that they may readily use the present
disclosure as a basis for designing or modifying other
processes and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments
introduced herein. Those skilled in the art should also realize
that such equivalent constructions do not depart from the
spirit and scope of the present disclosure, and that they may
make various changes, substitutions, and alterations herein
without departing from the spirit and scope of the present
disclosure.

What is claimed is:

1. A circuit comprising:

a power management circuit configured to receive at least
a first control signal or a second control signal, and to
supply at least a first supply voltage, a second supply
voltage or a third supply voltage, the first control signal
having a first voltage swing, and the second control
signal having a second voltage swing different from the
first voltage swing, the first control signal causing the
power management circuit to enter a power manage-
ment mode having a first state and a second state,
wherein the power management circuit comprises:

a first level shifter circuit configured to generate a first
level shifted signal in response to the first control
signal, and being coupled to a first node and a second
node, the first level shifted signal is a level shifted
version of the first control signal;

a first header circuit coupled to at least the first level
shifter circuit, a first voltage supply and a second
voltage supply, and configured to supply the first
supply voltage of the first voltage supply to the first
node in response to the first control signal, and to
supply the second supply voltage of the second
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voltage supply to the second node in response to the
first level shifted signal; and
a first OR logic gate configured to generate a first output
control signal in response to the first level shifted signal
5 and a NAND control signal, the first OR logic gate
comprising:

a first OR input terminal coupled to an output of the
first level shifter circuit and configured to receive the
first level shifted signal;

10 a second OR input terminal configured to receive the
NAND control signal; and
a first OR output terminal configured to output the first
output control signal.
2. The circuit of claim 1, wherein the power management
5 circuit further comprises:

a NAND logic gate coupled to at least the first header
circuit by the second node, the NAND logic gate being
configured to generate the NAND control signal in
response to the second control signal and a third control

20 signal, the NAND control signal, the second control
signal and the third control signal having the second
voltage swing, the NAND logic gate comprising:

a first NAND input terminal configured to receive the
third control signal;

25 a second NAND input terminal configured to receive
the second control signal; and

a NAND output terminal configured to output the
NAND control signal.

3. The circuit of claim 2, wherein the second OR input
30 terminal is coupled to the NAND output terminal.
4. The circuit of claim 3, wherein the power management
circuit further comprises:
a second level shifter circuit coupled to the first voltage
supply by the first node, and the second voltage supply
35 by the second node, the second level shifter circuit
configured to receive the NAND control signal, and to
generate at least a fourth control signal in response to
at least the NAND control signal, the fourth control
signal having the first voltage swing; and
40  a second OR logic gate configured to generate a second
output control signal in response to the first control
signal and the fourth control signal, the second OR
logic gate comprising:
a third OR input terminal configured to receive the first
45 control signal;

a fourth OR input terminal coupled to an output of the
second level shifter circuit and configured to receive
the fourth control signal; and

a second OR output terminal configured to output the

50 second output control signal.
5. The circuit of claim 4, wherein the power management
circuit further comprises:
an inverter coupled to at least the first header circuit by the
second node, the inverter being configured to receive
55 the third control signal, and to generate a fifth control
signal in response to the third control signal, the fifth
control signal and the third control signal having the
second voltage swing, the inverter comprising:
an input terminal of the inverter configured to receive the
60 third control signal; and
an output terminal of the inverter configured to output the
fifth control signal.
6. The circuit of claim 5, wherein the power management
circuit further comprises:
65  a third level shifter circuit coupled to the first voltage
supply by the first node, and the second voltage supply
by the second node, the second level shifter circuit

—
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configured to receive the fifth control signal, and to

generate at least a sixth control signal in response to at

least the fifth control signal, the sixth control signal
having the first voltage swing.

7. The circuit of claim 6, wherein the power management

circuit further comprises:

a latch circuit coupled to an output of the third level
shifter circuit, and configured to generate a third output
control signal in response to the first control signal and
the sixth control signal,

the latch circuit comprising:

a first latch input terminal coupled to the output of the
second level shifter circuit, and configured to receive
the sixth control signal;

a clock input terminal configured to receive the first
control signal; and

a latch output terminal configured to output the third
output control signal, the third output control signal
corresponding to a previous state of the sixth control
signal.

8. The circuit of claim 7, wherein the power management

circuit further comprises:

a second header circuit coupled to the latch circuit, the
first OR logic gate and the second OR logic gate, and
configured to supply at least the first supply voltage in
response to the third output control signal, the second
supply voltage in response to the second output control
signal or the third supply voltage in response to the first
output control signal.

9. The circuit of claim 8, wherein the second header

circuit comprises:

a first P-type transistor having a source coupled with the
first voltage supply, a gate of the first P-type transistor
is coupled to the latch output terminal, and is config-
ured to receive the third output control signal, and a
drain of the first P-type transistor is configured to
supply the first supply voltage;

a second P-type transistor having a source coupled with
the first voltage supply, a gate of the second P-type
transistor is coupled to the second OR output terminal
of the second OR logic gate, and is configured to
receive the second output control signal, and a drain of
the second P-type transistor is configured to supply the
second supply voltage; and

a third P-type transistor having a source coupled with the
second voltage supply, a gate of the third P-type
transistor is coupled to the first OR output terminal of
the first OR logic gate, and is configured to receive the
first output control signal, and a drain of the third
P-type transistor is configured to supply the third
supply voltage.

10. A circuit comprising:

a power control circuit coupled to a first voltage supply
having a first voltage and a second voltage supply
having a second voltage, the power control circuit
configured to generate a first output control signal, a
second output control signal and a third output control
signal in response to a first control signal and a second
control signal, at least the first voltage or the first
control signal having a first voltage swing, and at least
the second voltage or the second control signal having
a second voltage swing different from the first voltage
swing, the first control signal causing the power control
circuit to enter a power management mode having a
first reduced power state and a second reduced power
state;
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a first header circuit coupled to the power control circuit,
and configured to supply at least a first supply voltage,
a second supply voltage or a third supply voltage in
response to at least the first output control signal, the
second output control signal or the third output control
signal; and

a memory cell array coupled to the first header circuit,
configured to receive the first supply voltage, and being
in the first reduced power state or the second reduced
power state in response to the power control circuit
entering the power management mode;

wherein the power management mode includes the second

voltage supply being turned off; and

wherein the power control circuit comprises:

a second header circuit coupled to the first voltage
supply and the second voltage supply, and config-
ured to supply the first voltage of the first voltage
supply to a first voltage supply node in response to
the first control signal, and to supply the second
voltage of the second voltage supply to a second
voltage supply node in response to a first level
shifted signal, the first level shifted signal is a level
shifted version of the first control signal.

11. The circuit of claim 10, wherein the power control

circuit further comprises:

a first inverter configured to receive the first control
signal, and to generate a third control signal in response
to the first control signal, the third control signal having
the first voltage swing, the third control signal being
inverted from the first control signal,

the first inverter comprising:

a first input terminal of the first inverter configured to
receive the first control signal; and
a first output terminal of the first inverter configured to
output the third control signal.
12. The circuit of claim 11, wherein the power control

circuit further comprises:

a first level shifter circuit configured to generate an
inverted first level shifted signal in response to the third
control signal, and being coupled to the first output
terminal of the first inverter, the first voltage supply and
the second voltage supply, the inverted first level
shifted signal having the second voltage swing.

13. The circuit of claim 12, wherein the power control

circuit further comprises:

a second inverter configured to receive the inverted first
level shifted signal, and to generate the first level
shifted signal in response to the inverted first level
shifted signal, the first level shifted signal being
inverted from the inverted first level shifted signal, the
second inverter comprising:

a first input terminal of the second inverter configured
to receive the inverted first level shifted signal, and
being coupled to an output terminal of the first level
shifter circuit; and

a first output terminal of the second inverter configured
to output the first level shifted signal, and being
coupled to the first header circuit.

14. The circuit of claim 13, further comprising:

an output circuit coupled to the memory cell array and the
power control circuit, and configured to clamp a first
data signal on a first node, the first data signal having
the second voltage swing in response to at least the
second output control signal, the second output control
signal having the first voltage swing.

15. The circuit of claim 14, wherein the output circuit

comprises:



US 12,190,984 B2

35 36
a buffer circuit coupled to the memory cell array, config- signal is a level shifted version of the first control
ured to receive a second data signal, and to output a signal, wherein the second header circuit is coupled to
third data signal; and at least a first level shifter circuit; and

causing the power control circuit to enter a power man-
agement mode in response to a first value of the first
control signal, the power management mode having a
first reduced power state and a second reduced power
state, wherein causing the power control circuit to enter
the power management mode comprises:
turning off the second voltage supply.

19. The method of claim 18, wherein causing the power
control circuit to enter the power management mode further
comprises:

causing a memory circuit to be in the first reduced power

state or the second reduced power state in response to
at least the first supply voltage or the first control
signal, the memory circuit being coupled to the power
control circuit and the first header circuit, wherein the
method further comprises:

causing the power control circuit to leave the power

management mode thereby entering a normal mode in
response to a second value of the first control signal, the
power management mode having a normal power state,
the first reduced power state and the second reduced
power state, the second value being opposite from the
first value, wherein causing the power control circuit to
leave the power management mode comprises:
turning on the second voltage supply;
causing the memory circuit to be in the first reduced
power state in response to the third output control
signal and the second output control signal having a

a NOR logic gate coupled to the buffer circuit, and the

NOR logic gate comprising: 5

a first NOR input terminal coupled to an output of the
buffer circuit and configured to receive the third data
signal;

a second NOR input terminal coupled to the power
control circuit and configured to receive the second 10
output control signal; and

a first NOR output terminal configured to output a
fourth data signal.

16. The circuit of claim 15, wherein the output circuit
further comprises: 15
a second level shifter circuit coupled to the first NOR
output terminal, the first voltage supply and the second
voltage supply, and configured to receive the fourth
data signal, and to generate at least an inverted first data

signal in response to at least the fourth data signal, the 20

inverted first data signal having the second voltage

swing; and
a third inverter comprising:

a first input terminal of the third inverter coupled to an
output of the second level shifter circuit, and con- 25
figured to receive the inverted first data signal; and

a first output terminal of the third inverter is configured
to generate the first data signal.

17. The circuit of claim 16, wherein the output circuit
further comprises: 30
an N-type transistor having a source coupled with a

reference voltage supply, a gate of the N-type transistor
is coupled to the power control circuit and configured
to receive the second output control signal, and a drain

the first voltage supply to a first voltage supply node in
response to the first control signal, and supplying the
second voltage of the second voltage supply to a second
voltage supply node in response to a first level shifted
signal, the first voltage supply node being different than
the second voltage supply node, the first level shifted

first logical value, and the first control signal and the
first output control signal having a second logical
value, the first reduced power state corresponding to a
sleep mode of the memory circuit, and the first logical

of the N-type transistor is coupled with the output 35 lue being diff § h d losical value:
terminal of the third inverter by the first node, wherein value being diflerent from the second logical value:
the N-type transistor is configured to set a first value of causing the memory cireutt to be in the secgnd reduged
the first data signal in response to the second output power state in response to the first control signal having
control signal the second logical value, and the first output control
18. A method of operating a circuit, the method compris- 40 signal, the secopd output control sign al.and the third
’ output control signal having the first logical value, the
generating, by a power control circuit, a first output second reduced power state gorrf:sponding to a shut-
control signal, a second output control signal and a dqwn IEOde of the memory Cl]:I;Cl.l.lt; O}f 1
third output control signal in response to at least a first causing the memory circuit to be 1 the normal power
control signal, a second control signal or a third control 45 state n response 1o the first control signal, the. first
signal, the power control circuit being coupled to a first output con.trol signal, the secon d output control signal
voltage supply having a first voltage and a second and the third output control signal having the sgcond
voltage supply having a second voltage, at least the first logical Vlalue, the no(Ii'malfplolwer state cogespondlng to
voltage or the first control signal having a first voltage a normal power mode of the memory circuit.
swing, and at least the second voltage, the second 50 20: The mgthod of claim 19, wherein causing the memory
control signal or the third control signal having a circuit to be in the first reduced power state or the second
second voltage swing different from the first voltage reduced power state in response to at lee.lst the first supply
swing; voltage or the first control signal, comprises:
supplying, by a first header circuit, at least a first supply causing the memory circuit to be in the second red.uced
voltage, a second supply voltage or a third supply 55 power state in response to the first output control signal
voltage in response to at least the first output control having the first loglcal value, the second reduced power
signal, the second output control signal or the third state corre.:spo.n.dmg to the shut-down mode of the
output control signal; mf:morl}; cireuit; or N be in the fi duced
supplying, by a second header circuit, the first voltage of causing the memory circutt 1o be 1 the first reduce
60 power state in response to the first output control signal

having the second logical value, the first reduced power
state corresponding to the sleep mode of the memory
circuit, and the first logical value being different from
the second logical value.
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